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The chronicle of house fly (Musca dom estica  
L inn .) re s is tan ce  to or to lerance for in sec tic id es  
h as passed  the point of recounting as an in terest
ing phenomenon and now is dep ressing  to read. 
S ince firs t d o c u m e n t e d  by Wiesmann (1) and 
Sacca (2) in 1947» reports of th is  re s is tan ce  have 
increased  alarm ingly. Many of these  reports serve 
both a s  ob ituaries for one in sec tic id e  and a s  
birth announcem ents for another. The reader’s 
depression  is  i n c r e a s e d  by sequent publica- 
cations, som etim es after an incredibly short inter
val, that the recently  announced youngster had en
joyed excellen t health  for a time but had suddenly- 
p a ssed  into limbo with doubtful expectancy of 
resu rrec tio n . DDT was the firs t of the m iracle 
in sec tic id e s  and enjoyed the longest usefu l life . 
A w ishful hope may lie in the fact that although 
DDT was losing ground rapidly from 1947 to 1950, 
i t  again holds some promise when coupled with 
other compounds (3) to prevent detoxification  of 
the DDT within the house fly. Thus fa r, under 
field  conditions, no other sp ec ies  of non-biting 
muscoid fly has presen ted  a problem of re s is t
ance to in sec tic id es  comparable to that of the 
house fly.

DISTRIBUTION O F RESISTA N T HOUSE F L IE S

Unfortunately, re s is tan ce  in house flie s  has 
occurred where the benefits of DDT are most 
needed . T h is is hardly surprising , however, 
because in general the need for fly control reflec ts 
both a large volume of house fly breeding and 
proportionate usage of DDT. Furtherm ore, such 
problem a re a s  generally develop coincident with 
agricu ltu ra l crops requiring ex tensive usage of 
in se c tic id e s , as  pointed out by Quarterman (4). 
T here fo re ,these  sam e a re a s  are s ite s  of ex tensive 
tr ia ls  of new in sec tic id es  and, a t le a s t thus far, 
of further failure to achieve lastin g  e ffec tiv en ess . 
In brief, the geographical distribution of in se c ti
cide re s is tan ce  in house f lie s  is  dependent upon

* T h o m a s v i l l e ,  G a „  F i e l d  S t a t i o n ,  C D C .

only two fac to rs, good breeding po ten tia ls for the 
f l ie s  and in tensive usage of the in sec tic id e . DDT 
probably h as  been more widely and in tensively  
used  in the United S tates than any other in sec ti
cide. As a re su lt, wherever house flies  are  a prob
lem in th is  country, their naturally  occurring 
populations are re s is ta n t in some degree to DDT. 
The only house fly populations tha t remain a s  
su scep tib le  a s  they were prior to the general use 
of DDT are those m a i n t a i n e d  in laboratory 
co lonies out of contact with a ll in se c tic id e s . Most 
of these  co lon ies have been m aintained free of 
in sec tic id e s  since before re sis tan ce  became 
w idespread. A few laboratories, however, have 
succeeded  in se lec tin g  for su scep tib ility  by 
applying the tedious se lec tion  procedure of co l
lec ting  eggs from individual female house f lie s , 
subsequently  s u b j e c t i n g  these  fem ales to 
minimal d o ses  of in sec tic id e , and sav ing  only 
the progeny of those ea s ily  k illed . Even with 
th is  technique, difficulty has been encountered in 
a tta in in g  the degree of suscep tib ility  originally 
present.

T H E  NATURE O F IN SEC T IC ID E R ESISTA N CE

In 1947, the re s is ta n t house fly populations 
encountered were recognized as being a re su lt of 
the se lec tiv e  action  of DDT but the method of 
se lection  was not obvious. It was firs t attributed  
to  race or sp ec ies  se lec tio n , assum ing either that 
the orig inal sp ec ies  had been composed of two 
or more hitherto u n r e c o g n i z e d  forms or that 
re s is ta n t m utations occurred frequently and were 
iso la ted  by the k illing  of the normal su scep tib le  
stra in . Careful comparisons were made of morpho
logical d ifferences between re s is ta n t and suscep 
tib le  s tra in s, p a r t i c u l a r l y  with regard to the 
pu lv illi and ta rsa l struc tu res where primary con
tac t with residual su rfaces took place. T hickness 
of cu tic le , pigm entation, s iz e , and vigor also  
were compared. No co nsisten t or sign ifican t 
d ifferences of any kind were found until the work 
of Sternburg, Kearns, and Bruce (5), and Perry
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and Hoskins (6) showed that the re s is tan t flies 
po ssessed  the ability  to detoxify DDT to rela
tively  nontoxic m etabolites. Further work of 
Babers and P ra tt (7), Sacktor (8), and others 
showed that re s is tan t flies were characterized by 
higher cho linesterase  and cytochrome oxidase 
ac tiv ity  than were suscep tib le  flies. However, 
flies  re s is tan t to DDT are not n ecessa rily  re s is t
ant to other groups of in sec tic id e s , suggesting 
that d i f f e r e n c e s  in enzymatic system s are 
involved in imparting the ab ility  to detoxify the 
various groups of in sec tic id es . It is  p o ss ib le , 
even probable, tha t the nature of re s is tan ce  to 
any given in sectic ide  in one area may not be 
exactly  comparable to that causing resis tan ce  in 
another area. Moreover, house fly colonies devel
oped for res is tan ce  to dieldrin and chlordan only 
are nearly as suscep tib le  to DDT as are the 
nonresistan t flie s , further em phasizing the fact 
tha t sim ultaneous resis tan ce  to several in sec ti
c ides found a t any one time is due to combi
nations of system s existing  in these  flies through 
previous se lec tio n s.

Both field and laboratory te s ts  have demon
stra ted  that populations of house flies  re s is tan t 
to  one in sectic ide  may quickly become re s is tan t 
to other in sec tic id es  applied. Under field condi
tions where breeding po ten tia ls are high, appreci
able numbers of house flies  r e s i s t a n t  to a 
previously unused insectic ide  may be found after 
only two or three generations (3 to 4 w eeks) of 
selection  by the new in sectic ide . T h is has occur
red even without the u se  of the same insectic ide  
for larv icidal purposes, a practice which has 
been dem onstrated to intensify  se lec tion  for 
highly re s is ta n t house flies  (9, 10). Under such 
conditions, sa tisfac to ry  control can scarce ly  be  
m aintained with in sec tic id es  previously used. 
T h u s, re s is tan ce  developed to one insectic ide  is  
a lso  found to operate against chem ically related 
in sec tic id es  in varying degrees; and genetic 
se lec tion  for res is tan ce  to one type apparently 
p red isposes a house fly p o p u l a t i o n  to rapid 
selec tion  for re s is tan ce  to other nonrelated 
chem icals. Even the nonresidual in sec tic id es , 
such a s  mixtures of pyrethrins and piperonyl 
butoxide, are not exempt from th is  accelerated  
se lec tiv e  action. Probably the high cost of the 
nonresidual types has lim ited their use to the 
extent that fewer failures due to re s is tan ce  have 
been reported. Another factor of importance in 
lim iting development of re s is tan ce  in the field 
has been the fact that the nonresidual space

FIGURE I
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sprays m anifest a discontinuous se lec tiv e  action 
as  compared to the continuous se lection  exer
cised by the residual types.

Much study in many laboratories has been 
devoted to the length of time, or number of gener
a tio n s, tha t in sec tic ide  re s is tan ce  w ill remain 
in house fly populations in the absence of the 
in sec tic ide . The re su lts  of these  s tud ies have 
varied, but in most in stan ces  the re sis tan ce  has 
remained a t a high level for laboratory periods 
equivalent to 2 or more years in the field. Such 
te s ts  are, of course, not represen tative of field 
conditions w h e r e  we cannot immediately and 
com pletely remove the residual in sec tic id es  that 
have been applied and which continue to exercise 
se lec tiv e  activ ity . Under field conditions we once 
assum ed that the gradual decrease in residual 
effec tiveness of the in sectic ide  would be aug
mented, in returning the house fly populations to 
their su scep tib le  normalcy, with the invasion of 
the sprayed area by normal flies  from nonsprayed 
a rea s . It currently appears either that these  
normal suscep tib le  flies succumb to the in sec ti
cide before they can interbreed with re s is tan t 
flie s  or tha t no such normal flie s  now ex ist. In 
any event, experim ents designed on th is premise
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have been fru itless.
Work is  in progress in several laboratories to 

determine the enzymatic system s or other physio
logical functions which, when presen t in the 
re s is tan t house fly, can detoxify the chemical 
used and render it re la tive ly  harm less. When 
these  system s are determined it will increase 
the possib ility  for finding and using supplem ental 
compounds to inhibit th is detoxification process. 
Some su ccess  has been shown against DDT- 
re s is ta n t flies by adding to  regular dosage ra tes 
of DDT an appreciable amount of the compound 1, 
l-bis-(p-chlorophenyl)-ethanol (3). T his compound, 
known more w idely a s  p, p ’-dichorodiphenyl 
methyl carbinol or DMC, caused remarkable 
increases in re s is tan t fly m ortality when added 
to  DDT in quan tities of 10 to 100 percent of the 
DDT. Prelim inary reports of sim ilar synerg istic  
compounds are appearing but in field tr ia ls  the 
synergized DDT, particularly  in residual form, is 
rarely as effective aga in st re s is tan t flies as 
DDT alone is  against su scep tib le  flie s . P art of 
th is failure appears to lie in the shorter residual 
life of the DMC. Laboratory te s ts  show re la tive ly  
low m ortalities among D D T-resistant flies at 
.substandard dosages of the DDT-DMC mixture.

A second basic  investigation of considerable 
importance is  determ ination of the inheritance 
patterns of these physiological system s. In spite  
of an artic le  by a B ritish worker (11) declaring 
that the D D T-resistance in the experimental flies  
used (of Italian  origin) was controlled by a single 
pair of allelom orphs, workers in th is country are 
generally agreed that D D T-resistance is  due to 
complex multiple factors. There is  little  reason 
to believe that house fly  resis tan ce  to other 
in sec tic id e s  is  le s s  complex. If it is  possib le  to 
find both the physiological function and the 
pattern or patterns of i n h e r i t a n c e  for the 
re sis tan ce  of the house fly to each in sectic ide , 
then there is  hope that in sec tic id es  may be used 
in planned alternation to minimize interaction 
of specific  se lec tio n  methods. It is  at le a s t of 
equal likelihood that even the knowledge sought 
for will be of little  p ractical use  when discovered.

R ecent work in many areas has demonstrated 
that house fly populations may atta in  a high 
degree of re s is tan ce  a t greatly accelerated  ra tes  
a s  compared to ra te s  observed in the early years 
of the residual in sec tic id es . T h is accelerated  
acquisition  is  asso c ia ted  invariably with the 
prior ex istence of re s is tan ce  in some degree to a

previously used in sec tic id e , usually  DDT or 
chlordan. R esis tan t populations may develop 
more rapidly if some of the factors for re s is tan ce  
are nonspecific and already have been se lec ted  
in in itia l exposure. A cceleration of res is tan ce  
development could a lso  occur if linkage of speci
fic factors controlling resis tan ce  to two or more 
in sec tic id es  were present. There are other more 
com plicated c o m b i n a t i o n s  of genetics and 
environment which might achieve the same resu lt 
but, if re s is tan ce  were i n d e p e n d e n t  for two 
in sec tic id e s , se lec tion  for one could not accel
erate subsequent se lec tion  for the other. A further 
explanation of accelerated  resis tan ce  acquisition  
is  apparent if we examine the p o ss ib ilitie s  of 
inheritance for res is tan ce  factors. If the popula
tion of house flie s  is  large enough, a ll possib le  
combinations of inheritance factors should be 
represented. M issiroli (12) accounted for th is 
occurrence of re s is ta n t combinations as due to 
m utations, which in one sense  they are . The 
term mutation in genetics commonly denotes the 
occurrence of a change in one or more genes in a 
single chromosome from a kind already present 
to a new kind. It is  the penchant of some people 
to attribute any unexplained evidence of a new 
kind of gene to mutation rather than to an igno
rance of what has really  occurred. A simple 
recessive  gene p resen t in a large and freely inter
breeding population in a frequency of 1:1000 will 
produce only one offspring per million exhibiting 
the phenotypic expression of th is  gene. Actual 
conditions are but rarely th is sim ple, and the 
presence of a gene in a population may be very 
d ifficult to detect in the absence of any se lec tive  
agent that operates ag a in st the more frequently 
occurring, normal, and often dominant factors. 
The efficient residual in sec tic id es  serve a s  that 
se lec tin g  agent and, by the simple expedient of 
k illing  most of the suscep tib le  flie s , very rapidly 
increase the frequency of genes for re s is tan ce . 
The se lec tion  pressure of the in sec tic id es  may 
thus allow the phenotypic expression of ex istence 
of a gene or se t of genes possib ly  p resen t for 
countless preceding generations.

It is  only reasonable to  assume tha t progres
sive se lec tion  occasioned by a su c c e ss io n  of 
different in sec tic id es  will continue to elim inate 
the physiological system s that function only in 
the absence of these in sec tic id es . As implied 
above, such theoretical se lec tion  is  feasib le 
only in populations of great s ize  and in which
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FIG U R E 2

COMPARATIVE RESULTS OF CHEMICAL AND SANITATIONAL FLY CONTROL*

*  Note Tem porary Period  o f D ie ld rin  E f f e c t iv e n e s s  in W highom , G o .
FSA -P H S -C D C  ATLANTA, G A. OCT. 1951

a ll, or nearly a ll, of the possib le  genetic combi
nations are represented . If such occurs, there is  
scarce ly  a more likely  organism than the house 
fly in which it might be dem onstrated. The house 
fly not only p o sse sse s  a tremendous biotic poten
t ia l ,  but coupled with its  reproductive ab ility  
it has an unsurpassed adaptability  to a wide 
variety  of breeding media and environmental con
d itions. The fac t that it far exceeds other sp ec ies  
of f lie s  in th is  la tte r re sp ec t probably accounts for 
its  currently unique position with regard to the fa il
ure of chemical in sec tic id es  in fly control. L e ss  
versa tile  sp ec ies  w ill be slow er in se lec ting  for 
in sec tic id e  re s is tan ce . Furthermore, le s t  initial 
su c c e sse s  create undue optimism, we must con
sid e r tha t sim ilar se lec tio n s  w ill probably occur to 
eventually  overcome any advantage we may tempo
rarily  gain through the use of synerg ists  which 
block the detoxification  p ro cesses . We have through 
our “ su p e rin sec tic id e s ,”  se lec ted  a “ superfly”  
which w ill remain with us indefinitely ,

THE FUTURE OS’ FLY  CONTROL PROGRAMS

In sp ite  of the fact that we can expect no single 
chemical insectic ide  to long remain effective

against such an adaptable organism as the house 
fly, and tha t ro tations, combinations, and syner
g is ts  may w ell share the same fa te , we s ti l l  have 
the same opportunity for fly control that we had 
before DDT. We weren’t so  discouraged then and 
we should not be now. Then as now we had a 
means of fly control that worked, the application  
of prophylactic san ita tion . The promise of imme
diate  and som etim es undeserved in sec t control 
by means of DDT and more recently  developed 
in sec tic id es , w as more a ttrac tive . In one respect, 
the great s trid es  of the p ast 30 years in develop
ing in sec tic id es  may have delayed the general 
application of prophylactic san ita tion  to prevent 
fly breeding. In sec tic id es  promised ea s ie r fly 
control than did cleaning up. Our experience in 
th is  country sin ce  1945, and particularly  since 
1948, has probed both extrem es in fly annoyance. 
We have enjoyed alm ost complete freedom from 
flie s  and we have endured the frustration and 
indignation that has accompanied the failures 
with chemical control. Although large sums of 
money have been expended without la s tin g  effect, 
we have profited immeasurably. The house fly 
stands indicted, and under centain conditions has
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been convicted, as a d isea se  vector of sh ig e llo sis  
and possibly of o ther enteric in fections (13, 14), 
as long has been suspected  f r o m laboratory 
s tu d ies . In addition, we have had the opportunity 
to evaluate the other benefits of fly control.

During th is same period of time in which we 
have suffered disillusionm ent by chemical control 
of f lie s  we have continued stud ies in improving 
san ita tion  on many fronts. T hese  stud ies must be 
in tensified . The concomitant benefits of improved 
sanitation are sure to be reflected  in the reduction 
of certain other in fections as w ell, regard less of 
their mode of spread. In every study of the methods 
and effec ts  of improved san ita tion , i t  has been 
found that re su lts  are m easurable even from small 
efforts. V irtual freedom from fly annoyance and 
vector-borne d isea se  is  a  real possib ility  within 
our reach. Municipal problems are nearer solution 
than are the rural and agricultural problem s, but 
both types are r e g u l a t e d  by the principle of 
elim inating fly breeding. An effort equal to that 
expended during the p ast 6 years can dem onstrate 
the e f f e c t i v e n e s s  a s  well a s  the economic 
feasib ility  of fly control by san ita tion .

Meanwhile we should recognize the chem ical 
control of house flie s  in i ts  true perspective as 
an adjunct and not a substitu te  for san ita tion  (13). 
The in sec tic id e s  which we have, as well as the 
new ones being developed, are valuable tools as 
stopgaps and emergency m easures and should be 
used  as such. D ecker and Bruce (15), in a recently 
published artic le  pointedly en titled , “ Where Are 
We Going With F ly R e s is ta n c e ? ” , have se t  forth 
three good basic  ru les for the u se  of in sec tic id e s . 
They recommend firstly , th a t m ixtures of adulti- 
cides be avoided in order to prolong the value of 
each type; secondly , th a t if  la rv ic ides are used  
they should not be close ly  re la ted  chem ically 
to  the adulticide in order to prevent unnecessary  
acceleration  of re s is tan ce  to the adulticide; and 
la s tly , tha t the larv ic idal e ffect of adultic ides 
contam inating breeding m aterial should be avoided 
for the same reason . To these  we should add a 
fourth borrowed from the doctor’s prescription: Use 
only a s  needed.
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Ûe /¡̂ ÂohAgA, - Wlute - (led fèaAitU 
Ont&i-Aÿetvcy Com m ittee

JOHN H. BRIGHT, Sr. Sanitary Engineer*

During the la s t  century many F ederal and State 
executive departm ents and agencies have s u c c e s s 
ively been charged with re sp o n sib ilitie s  re la ting  
to the development, u tiliza tion , and conservation 
of the N ation’s water resources. P rogress in coor
dinating and in tegrating the ac tiv itie s  of these  
agencies has been achieved both through sta tu tory  
provisions and adm inistrative ac tions. F edera l 
inter-agency cooperation on m atters concerning 
public health has been a c c o m p l i s h e d  largely 
through adm inistrative procedures.

For a number of years, inter-agency agreem ents 
have formed the basis  for Public H ealth Service 
undertakings re la ted  to F ederal development of 
water and land resources. The m alaria surveys, 
reports on impounded water ac tiv itie s , and mosqui
to investig a tio n s in irrigated a reas , exemplify 
Communicable D isease  C enter a c tiv itie s  under
taken in accordance with such agreem ents reached 
with the Corps of Engineers and Bureau of R ecla
mation. Although much benefit has accrued a s  a 
re su lt of efforts to incorporate public health  con
sidera tions into planning for major water resources 
programs, many w eaknesses have been evident in 
th is  agreem ent procedure for voluntary cooperation. 
While consultan t serv ices  by CDC have been ren
dered to c o n s t r u c t i n g  agencies under various 
agreem ents, h e r e t o f o r e  there has b e e n  a 
noticeable lack of provisions for integrated plan
ning with in te rests  such as  F ish  and Wildlife 
Service, Soil Conservation Service, National 
Park Service, F o re s t Service, and others. The 
estab lishm ent of the Arkansas-W hite-Red B asins 
Inter-Agency Committee (AWRBIAC) and p artic i
pation by CDC in the work of that Committee, now 
make close coordination within these  constituen t 
agencies a re a lity . The p o ten tia litie s  of the 
AWRBIAC are great. A review of the step s  leading

» E n g in e e r in g  S e r v i c e s ,  C D C . C u r r e n t ly  a t t e n d i n g  C o lu m b ia  
U n iv e r s i t y .

to its  formation may add to a better understanding 
of its  importance.

The need for comprehensive planning and de
velopment to meet national ob jectives and derive 
maximum benefits from our river system s and their 
w atersheds long has been recognized. A forward 
s tep  w as taken on December 29, 1943, when an 
inter-agency agreem ent e s tab lish ed  the F ederal 
Inter-Agency River B asin  Committee (FIARBC). 
(Original members included the Departments of 
Agriculture, the Army, the Interior, and the Federal 
Power Commission. The Department of Commerce 
became a party to the agreement in 1946 and the 
F edera l Security Agency in 1950).

The purpose of the agreem ent w as to provide a  
m eans for constituent agencies “ to cooperate more 
com pletely in the p r e p a r a t i o n  of reports on 
multiple-purpose p ro jec ts  and to correlate the 
re su lts  to  the g rea test p rac ticab le  ex ten t.”  Of 
spec ia l in te rest to th is  group w as the River and 
Harbor and Flood Control A cts of 1950, which, 
among other th ings, contained a sp ec ia l provision 
for a comprehensive survey of the A rkansas, White, 
and Red River B asins. (The A rkansas, White, and 
Red River B asin s  contain about 180,000,000 acres 
of land located  in 8 S ta tes, namely: L ou isiana , 
A rkansas, M issouri, T ex as, K ansas, Colorado, 
Oklahoma, and New Mexico.)

Upon p assage  of th is  b ill the P res id en t of the 
United S ta tes pointed out in separate  le tte rs  to 
member agencies of the FIARBC that “ It is  essen 
tia l that the Executive agencies organize their 
efforts to rea lize  a s  far a s  possib le  under ex is t
ing law, the p o ten tia litie s  of the b road-scale, 
integrated national resources study for the Arkan
s a s , White, and Red River B asin s  authorized in
H. R. 5472.”  For the purpose of conducting th is  
survey, the P residen t requested  a s  a firs t s tep  that 
the  various agencies concerned “ organize an inter
agency committee, formulate procedure, and map 
out a jo in t plan of investigation , indicating  specif
ica lly  the prec ise  re sp o n sib ilitie s  of each and the
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prospective allocation of agency resources to the 
joint effort.” The establishm ent of the field inter
agency committee requested by the President was 
directed by resolution of the FIARBC on June 12, 
1950.

Representatives of the Communicable D isease  
Center a t t e n d e d  the first m e e t i n g  of the 
AWRBIAC* on July 28, 1950. There plans were 
laid with the FSA representative for CDC partici
pation in Public Health Service phases of the com
prehensive study. An agreement between Public 
Health Service D ivisions provides that “ The FSA 
representative on the field committee shall have 
responsibility for all PHS matters contained in the 
report of the AWRBIAC and shall have full respon
sib ility  for PHS work with the Committee,”  and 
“ Liaison men w ill be designated by CDC, EHC, 
and the Sanitation Division to cooperate with the 
FSA representative.”

Public Health Service in te rests  a s  s ta ted  to the 
Committee by the FSA represen tative are: “ (1) The 
prevention or reduction of pollution of inter-State 
w aters and their tribu taries and the improvement of 
surface and underground w ater, (2) the safeguard
ing of public and dom estic water supp lies, (3) the 
protection and proper management of water recre
ational fac ilitie s  for the benefit of health  and wel
fare, (4) safeguarding aga in st property damage 
resu lting  from pollution and from the harmful effect 
of m osquitoes, and (5) public health  a sp ec ts  of

♦ C o m p o s e d  o f  s a m e  a g e n c i e s  a s  F IA R B C .

flood control, drainage, and irriga tion .”  It was 
further sta ted  that “ It is  an objective of the Public 
Health Service to determine that no serious public 
health  hazards be incorporated into water re
sources development p ro je c ts .”

In preparation for a comprehensive report, the 
Committee has designated  the Public  Health Ser
vice as the Chairman Agency for work groups to 
study and report on Pollu tion  Abatement and Mos
quito Control. The su b jec ts  for which work groups 
have been e s t a b l i s h e d  are: (1) Navigation;
(2) Flood Control, Water Flow  R etardation, and 
F lood F orecasting ; (3) Drainage; (4) Domestic and 
Industrial Water Supply; (5) Irrigation and R ecla
mation; (6) Hydroelectric Power Development and 
U tilization; (7) A griculture, Soil C onservation, 
Forestry  and Sediment Control; (8) F ish  and Wild
life ; (9) R ecreation; (10) Pollution Abatement; 
(11) Land R esources D ata; (12) Economic Base 
Survey; (13) Water R esources Data; (14) Mapping; 
(15) Mineral and Geology; (16) Mosquito Control 
and A llied Problem s; (17) D escription of B asin  
and S ta tis tica l Information; and (18) B enefits and 
C o sts . The Communicable D isease  C enter, having 
primary in te rest in item 16 above, assigned  a rep
resen ta tive  to the office of the FSA member on 
October 1, 1950 to carry out the study and pre
pare the Mosquito Control Report. In performing 
th is  function, th is  represen tative is  a s s is te d  by 
other members of the work group, including in ter
ested  F ederal agencies and rep resen ta tives of the 
eigh t S ta tes . T hus, coordination is  achieved dur
ing the planning s tag es .

to G2>G
During the month of September the following 

public health officers and trainees were visitors 
to CDC:

Miss Edith M. Radley, Missionary Nurse, United 
Church of Canada, Angola, Portuguese West Africa.

Kenneth H. Ave, D istrict Sanitary Inspector, 
Department of Health, H ilo, Hawaii.

Robert Y. W. L ee, Supervisor, Rodent Control, 
Department of Health, H ilo, Hawaii.

Allan McDermott, Superintendent of Roads and 
Works, Jamaica G o v e r n m e n t ,  Montego B ay, 
Jamaica, B.W.I.

Walter J. Sczawinski, Sanitarian, Alaska Depart
ment of Health, Anchorage, Alaska.

!

7
Courtesy of the David J. Sencer CDC Museum



Pla<f*€e S u /w e y l i y  St<Ue> eM eaitU
Vernon B. Link, Sr. Surgeon*

Although the U. S. P u b l i c  Health Service 
d eserves a large share of the credit for in itia ting  
and m aintaining surveys in the search  for wild 
rodent plague foci, it has not been responsib le for 
a ll of the field or laboratory accom plishm ents in 
th is  country. Of the 15 known-infected Western 
S ta te s , 9 have conducted their own surveys a t one 
time or another, and 2 h iv e  carried out their own 
laboratory procedures. The Public Health Service 
h as done the laboratory work for the other seven . 
The known infected S tates are A rizona, C ali
fornia,** Colorado,*** Idaho,*** K ansas, Mon
tana,*** N evada, New Mexico,*** North Dakota, 
Oklahoma, Oregon,*** T exas,**  Utah,*** Washing
ton,*** and Wyoming. Without the able a ss is tan ce  
provided by the nine S ta tes which conducted sur
veys, the p resen t knowledge about plague foci i'n 
wild rodents would be far le ss  complete than it is .

The California Department of Public Health has 
m aintained an active in te rest in wild rodent plague 
since  1910, shortly after the discovery  of the first 
wild rodent plague focus in Contra C osta County 
in the summer of 1908. At firs t, C alifornia was con
cerned primarily in a s s is tin g  with squ irre l destruc
tio n . In 1914, the S tate  leg isla tu re  appropriated 
S 100,000.00 to aid in the control of plague in 
squ irre ls. On February 1, 1936, the Public Health 
Service transferred a ll its  plague control a c tiv itie s  
in C alifornia to the C alifornia Department of Pub
lic  Health and proceeded to concentrate its  own 
efforts on the search  for wild rodent plague foci in 
other Western S ta tes . Since 1936, C alifornia has 
m aintained its  own survey units and has performed 
a ll of the laboratory procedures n ecessary  to carry 
out the d iagnosis of plague on the suspected  
specim ens obtained. It is  appropriate that C ali
fornia, with the g rea test number of human and ro
dent i n f e c t i o n s ,  should have undertaken and 
continued th is  in te rest in plague.

Until 1934, plague apparently was limited to the 
wild rodents of the State of C alifornia only. In that

♦ W e s te rn  C D C  L a b o r a to r y ,  S a n  F r a n c i s c o ,  C a l i f .
♦ ♦ S u rv e y s  a n d  l a b o r a to r y .

♦ ♦ ♦ S u rv e y s .

year, the death of a sheepherder in Lake County, 
Oreg., served notice tha t C alifornia was not the 
only State involved. In fairly  rapid su ccessio n , 
plague foci were dem onstrated in 14 other Western 
S ta tes . During the period between 1935 and 1951 
inc lu siv e , the Public H ealth Service, with the 
a ss is ta n c e  of the 9 State health departm ents, has 
dem onstrated that plague did ex is t in these  15 
S tates (table 1).

T ab le  X
PLAGUE FINDINGS IN 15 STATES

S ta te Year f i r s t  found Number o f  c o u n tie s

Arizona 1938 3
C a lifo rn ia 1908 35
Colorado 1941 8
Idaho 1936 7
Kansas 1945 6
Montana 1935 7
Nevada 1936 6
New Mexico 1938 20
North Dakota 1941 1
Oklahoma 1944 2
Oregon 1935 10
Texas 1946 6
Utah 1936 8
Washington 1937 10
Wyoming 1936 10

T otal 139

Follow ing the realization  in 1934 tha t plague- 
infected wild rodents no longer were confined to 
C alifornia, the Public H ealth Service sh ifted  its  
a tten tion  from th a t State to o thers. In 1935, plague 
foci were dem onstrated in Oregon and Montana, and 
in 1936, in Idaho, Nevada, Utah, and Wyoming. 
The in te rest of certain State health  departm ents 
was aroused and as a resu lt they undertook to 
conduct surveys of their own te rrito ries.

In April 1936, the Washington State Department 
of Health began its  own survey work, even before 
it  was known that wild rodent plague ex isted  in the 
S tate . It has m aintained these  surveys continuously 
s ince  that tim e, and has made important contri
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butions to the knowledge of plague, particularly  in 
the matter of the importance of the pigmy vole 
(Lagurus curtatus) a s  a reservoir host.

In June 1936, the Idaho Department of Public  
Health in itia ted  its  own survey unit which operated 
until July 1938. It was reactivated  during 1941 
and 1942.

The Oregon State Board of H ealth began its  
plague surveys in August 1936. T hese have con
tinued to the presen t time.

In April 1937, the Utah S tate Department of 
H ealth organized a survey unit which continued 
working until July 1938.

The Montana S tate Board of Health in itia ted  
plague surveys in May 1937, T hese were continued 
until 1946.

Three S tates have carried on plague surveys 
with financial a ss is ta n c e  from the Communicable 
D isease  C enter. In 1946, following the first demon
stration  of wild rodent plague in T ex as, the T exas 
S tate Department of H ealth and the Communicable 
D isease  C enter s e t  up a plague study  headquar
tered a t B row nsfield. T h is  study continued until 
Ju ly  1, 1949. During 1948 and 1949, plague sur
veys were conducted in Colorado and Utah as a 
jo in t effort of the Communicable D isease  Center

and the health  departm ents of those S ta te s .
In 1949, New Mexico experienced the firs t of 

s ix  human c a se s  of plague. To d a te , plague has 
been found in 20 of the 31 counties. E xcept for 
C alifornia, New Mexico has reported the largest 
number of human cases  of p lag u e , the largest num
ber of wild rodent plague foci, and the largest 
number of counties involved. For these  reasons, 
the New Mexico Department of Public H ealth , in 
cooperation with the Western Communicable D is
e ase  C enter Laboratory, has been operating its  
own survey unit since  1950.

It is  somewhat surprising, a t f irs t g lance, to 
note that so  many of the  w estern S tate health 
departm ents have ac tively  participated  in these  
plague surveys for such a long tim e. The ac tual 
number of human i n f e c t i o n s  from wild rodent 
sources has been sm all in re la tion  to other more 
important cau ses  of human d ise a se s . Yet plague 
s t i l l  rem ains a poten tia l th reat of unknown propor
tio n s. There are ind ications tha t it can s t i l l  cause 
deaths in sp ite  of the remarkable efficacy of an ti
b io tics in its  treatm ent, and no one knows when 
another epidem ic may s ta r t. For th ese  reaso n s, 
it is  hoped tha t W estern S ta tes w ill continue their 
support of plague surveys w ithin their boundaries.

S e /m ¿ o < f¿ c  S m

ad '&f a GomMb b/
JO SE PH  H . SCH UBERT, S c ie n tis t  (R)*

T he question of what effect an tib io tics have 
upon the W eil-Feiix and complement fixation 
tite rs  in r ick e tts ia l infections h a s  concerned 
laboratory w o r k e r s  for some tim e. Although 
numerous stud ies have been made on the sub jec t, 
the da ta  a s  a rule have been reported a s  parts of 
other s tu d ies . Such information was compiled and 
is  presented here.

In 1945 R ose, Duane, and F isc h e l (1) studied 
the treatm ent of Rocky Mountain spotted  fever 
with para-aminobenzoic acid . Although treatment 
was started  early in the d ise a se  (third day of 
onset), serologic specim ens taken at regular

in tervals showed a rise  in tite r which reached 
1:1280. Sadusk, Hjerpe, and Freedman (2) studied 
the effect of para-am inobsnzoic acid  upon the 
c lin ica l c o u r s e  of typhus in the guinea pig. 
Administration of para-am inobenzoic acid to 
guinea pigs infected  with murine typhus generally 
prevents the appearance of c lin ica l signs of th is 
infection but perm its appearance of r ick e tts ia  in 
the circulating blood and the formation of com
plement* fixing an tibod ies. Complement-fixing 
an tibodies and rickettsem ia  develop in a compar
able degree in both treated  and untreated  control 
anim als a t about the same time. The rise  in tite r
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during the period of convalescence is  a lso  sim ilar 
in both groups of anim als.

When an tib io tics rep laced  para-aminobenzoic 
acid as the drug of choice, a somewhat different 
picture was obtained. Cox (3) s ta te s  that in mild 
ric k e tts ia l infections or in those c a se s  where the 
d isease  was diagnosed quite early , aureomycin 
modified the course of infection , rendering it  
exceedingly mild, or even aborted the infection. 
Under these conditions, experim ental anim als 
a s  well as  man may show no dem onstrable com
plem ent fixation an tibodies. If guinea p igs are 
infected with m assive doses of rick e tts ia  and then 
trea ted  early with aureomycin, c lin ical s igns of 
the d isea se  may be prevented although complement 
fixation antibodies may appear in the blood.

A ngstein, Whitney, and Beninson (4) studied 
the protective effect of aureomycin in experimental 
Rocky Mountain spotted  fever and typhus. Com" 
plement fixation te s ts  were made on guinea pigs 
infected with spo tted  fever. Guinea p igs were 
given aureomycin 2 hours after in traperitoneal 
infection and were bled on the fourteenth day. 
A low complement fixation tite r of 1:16 and 1:32 
was found in guinea p igs treated  with 2.0 m g./ 
dose, as compared to higher tite rs  (1:128 - 1:256) 
of the group treated  with 1.0 mg.

Schoenbach, Bryer, and Long (5) treated a 
number of pa tien ts  ill with Rocky Mountain spotted 
fever (eastern type) with aureomycin. The treat
ment was started  after hospital adm ission at 
about the third day of the d ise a se . W eil-Felix 
te s ts  on one patient a t about the fifth day were 
positive a t 1:80 dilution and 1:1280 on the th ir
teenth day. Similarly, another patien t with a 
Veil-F e lix  t ite r  of 1:20 on the day of adm ission 

was 1:160 on the seventh day after.
Smadel (6) stud ied  the effect of chloromycetin 

on scrub typhus. R esu lts  with the W eil-Felix 
te s t  indicated tha t the average tite r was one 
dilution lower with treated  p a tien ts  a s  compared 
to untreated  patien ts. There was no sign ifican t 
difference in the time of appearance of Weil-Felix 
antibodies in treated  and untreated pa tien ts . How
ever, a group of volunteers whose d isea se  was 
terminated within le s s  than 3 days after onset 
had a delay in the appearance of W eil-Felix 
antibodies but had an average tite r  of 1:640. 
Complement fixation te s ts  with scrub typhus could 
not be compared since  the incidence of positive 
reactions were approximately 50 p e r c e n t  in 
trea ted  and untreated c a se s .

In conclusion, it is  evident that the introduction 
of chloromycetin, aureomycin, and other antibi
o tics for the treatm ent of rick e tts ia l infection has 
greatly changed the course of the d isease  in 
humans and anim als. The serologic picture has 
also  changed but to a le s s e r  degree. Experiments 
have shown that the W eil-Felix te s t  will detect 
anil bodies in r ick e tts ia l in fections in untreated 
a s  well as treated p a tien ts . T reated p a tien ts , 
however, w ill show a somewhat l o w e r  titer. 
R esu lts  with the complement fixation te s t  give 
a more variable picture and are le s s  predictable. 
It is  seen that a patient m ust be severely  infected 
in order to show complement fixation antibodies. 
Complement fixation antibodies usually  develop 
on the fourteenth day after the infection, accom
panied by a corresponding r ise  in tite r with time. 
The W eil-Felix an tibodies, however, will develop 
on the fifth day, accompanied by sm aller r ise  in 
tite r. W eil-Felix antibodies can be detected  when 
the infection is of a lighter nature such as that 
modified by an tib io tics, w hereas the complement 
fixation antibodies may not be demonstrable. 
From th is , i t  would appear that the importance of 
the W eil-Felix te s t  in the serologic analysis of 
the r i c k e t t s i a l  infections has by no means 
decreased.
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ZogJjmUào+i of Publia eM&cdtU tyi&ld n̂tUtuMXf
MARY L . GARRETSOPi*

P rio r to January 1948, evaluation of field train
ing of public health workers consisted  principally 

of observation by sta ff personnel of T raining Serv
ic e s , CDC, and suggestions of tra inees and health 
officials» At that time the  need for a more objec
tive approach to supplem ent these judgm ents was 
fe lt and a program was inaugurated to develop and 
coordinate the e v a l u a t i o n  of fie ld  training 
ac tiv itie s .

i t  was evident that the evaluation program 
should be d e v e l o p e d  in terms of the training 
program’s chief ob jec tives and tha t p rac tica l 
m eans and m ethods for carrying out a program of 
evaluation should be found and employed. As a 
statem ent of these objectives,, the following 
questions were formulated:

1. Are we m eeting the needs for p ractical field 
training of those persons who are attending onr 
field  training programs?

2. In what way can we improve the value of th is  
training for public health  workers?

C ertain basic  p rincip les to be followed in the 
development and use  of m easures for the eva lua
tion s tud ies were adopted early in the program. 
Some of these  princip les are as follows:

1. The types of field  train ing  courses, as much 
a s  they differ in detail and sub jec t m atter, are 
e ssen tia lly  alike in their underlying purpose and 
organization.

2 . Methods of evaluation should recognize 
d ifferences in the tra in ees’ experience, education, 
and working conditions.

3. The bases and methods of evaluation should 
be such as to require in te res t and participation  
in the process on the part of the tra inees and 
their supervisors, the training staff, and members 
of participating agencies.

4 . Methods of evaluation should be based  on 
two factors: (a) objective evidence such as  ques
tionnaires, s t a n d a r d i z e d  te s ts , and sim ilar 
devices; and (b) considered judgment of competent 
health o ffic ia ls  and others concerned.

As the attention of the t r a i n i n g  s ta ff w as

♦ T ra in in g  S e r v i c e s ,  CD C«

focused on their train ing problems and a s  these  
problems became more c learly  defined, the end 
re su lts  toward which the e v a l u a t i o n  program 
should be directed were d iscerned. G oals were 
sta ted  and adopted. They have been modified 
somewhat a s  po lic ies and procedures are de ter
mined, but fundamentally they remain the same.

At the 1950 conference of training officers 
th e se  goals were re s ta ted  by the committee on 
evaluation and the needs for a program of évalua» 
tion were defined. The work done by th is  com
m ittee w as a d e f i n i t e  step  forward in the 
understanding and acceptance of the role that 
evaluation can play in a  field  training program. 
The needs as defined are:

1. To estab lish  b ases for a s s is tin g  the training 
officer in program planning so tha t he may p resen t 
the b est possib le  training for the tra inee and 
employer.

2. To estab lish  b ases  for the T rain ing Services 
Headquarters to a s s is t  train ing cen ters in their 
training problems.

Some of the end re su lts  which the committee 
fe lt should be provided by the program insofar as 
possib le  are:

1. Improvement of t r a i n i n g  m ethods and 
techniques.

2 . Improvement of curriculum as  to  subject 
m atter and allocation of time.

3. Determination of the extent to which we are 
m eeting the d es ires  and needs of tra inees and 
employers.

4 . R easonably objective evidence of the effec
tiv e n e ss  of field training a s  a ju stifica tio n  of 
expense involved.

5. Determination of the extent to which the 
a ttitu d es and philosophy of the tra inee toward 
h is  work have been changed.

6. A ppraisal of the train ing center a s  to physi
cal p lant, staff, organization, and adm inistration.

MEASURES AND TECHNIQUES

In determining the m ethods and m easuring 
devices to be used , several approaches and 
techniques have been considered. Use of some
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of these evaluation techniques has been post
poned until standards can be estab lished ; others 
have proved im practical because of the expense 
involved or time necessary  for study and research. 
T hose which have been used  or are being devel
oped are: (1) judgments of tra inees and super
v iso rs through the medium of a questionnaire 
study, (2) a standardized te s t  for the environmental 
san ita tion  field  training courses, and (3) stand* 
ards for training literature  insofar a s  readability  
and com prehensibility are concerned.

SU RV EY  O F  T R A IN E E S  AN® S U PER V IS O R S

T h is  survey was made through the medium of 
questionnaires to tra inees and their supervisors 
6 months or more after completion of the 3-month 
field  training course in environmental sanitation. 
In sp ite  of the lim itations inherent in such an 
evaluation , i t  w as hoped that some information 
could be obtained concerning the ex ten t to which 
knowledge, sk ills , and attitudes had been acquired 
and were being u tilized . Comments and criti
cism s which would improve the value a f  this 
training also were desired .

Q uestionnaires were d istributed during the 
period June 1918 to July 1919. On the whole the 
response was sa tisfac to ry . Of the 318 question
naires distributed , 83 percent were completed and 
returned. The report was completed in January 
1950.

In general, the rep lies of tra inees and super
v iso rs  were in a g r e e m e n t  and were strongly 
favorable concerning the extent to which improve
ment in the work of the trainee should be credited 
to the im petus given by the training. The degree 
o f credit varied according to the tra in ee’s educa
tion and e x p e r i e n c e  lev e l, with the poorer 
qualified trainee giving comparatively more credit 
to the t r a i n i n g  than did the better qualified 
trainee. B ased on their rep lies , the following 
sta tem ents appear justified :

1. There is  a better understanding by tra inees 
o f  the work involved in their p resen t duties.

2. The training h as  made i t  possib le  for the 
tra inees to assum e increased  resp o n sib ilities  and 
broaden the scope of their work.

3. T rainees generally are carrying on more 
comprehensive programs.

4. T rainees have developed increased  assurance 
and ability  to m eet people and to promote public 
health  ac tiv itie s .

A number of in teresting  points were brought

out in the survey. Of considerable in te res t were 
the p h ases  of the 3*month environmental sani
tation course found m ost helpful by tra inees. The 
s ix  m ost valuable sub jec ts  were, in descending 
order: milk san ita tion , food san ita tion , sewage 
disposal, water supplies, bacteriology, and in sec t 
and rodent control.

Other points of in te res t were tha t 98 percent 
of the tra inees who partic ipa ted  in the survey 
were engaged in environmental sanitation du ties , 
and th a t 65 percent of the tra inees had received 
an advancement in position.

Based on the findings of the survey, i t  was 
concluded that:

1. There is  defin ite  improvement noted in the 
san ita rian s’ work after the training experience. 
Although there were undoubtedly other contribu
ting fac to rs, th is  improvement is  credited by the 
tra in ees  and supervisors to the training program.

2. T raining time in the various subject matter 
a reas apparently is  apportioned according, to the 
tra in ees’ needs.

I t w as recommended th a t further consideration 
be given to: (1) special t o p i c a l  courses for 
tra inees who have taken the 3-month environmen
ta l sanitation  course, (2) additional training in 
public speaking and public re la tions, (3) devel
opment of a manual for the environmental san ita 
tion trainee, and (4) continued improvement in 
field  training practices.

EN V IR O N M E N T A L  SA NITA TION  
A C H IE V E M E N T  T E S T

An achievem ent te s t  for the environmental 
san ita tion  field training program is  being devel
oped to measure the growth of the tra in ee ’s factual 
knowledge during the t r a i n i n g  period and to 
determine the tra in ee ’s strength and w eaknesses 
in the major areas of knowledge. The te s t is  being 
developed in cooperation with the S tate Merit 
System Service, American Public Health A ssocia
tion. When completed, it w ill co n sis t of two te s ts ,  
of a p p r o x i m a t e l y  125 item s each, for use a s  
p re tests  and post te s ts .

Administration of the preliminary form of th is 
achievem ent te s t  to 200 tra inees as a p re te s t and 
a s  a post te s t  has been completed. F iv e  regional 
field training cen ters and three S tate field train
ing  centers participated  in the te s tin g  program. 
In se lec tin g  the 480 te s t  item s included in the 
preliminary te s t, an outline was used  which re
flected  the em phasis to be p laced  on the subject 
matter areas covered by the course. The outline
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was based  on an an a ly s is  of course breakdowns 
subm itted by the field training cen ters and the 
philosophy and ob jectives of these  courses. The 
item s were se lec ted  by the American Public Health 
A ssociation and were reviewed by a committee of 
represen tative training officers. Items not consider
ed applicable were discarded and additional item s 
se lec ted  to conform to the em phasis of the course. 
Upon completion of the item analysis  by APHA, 
the committee of training officers will meet again 
to s e t up the two comparable forms of the te s t.

To d e t e r m i n e  the validity  of the te s t , one 
criterion to be u sed  is  the r a t i n g  by training 
o fficers of tra in e e s ’ knowledge in the various 
s u b j e c t  m atter areas covered by the training 
experience. Use of other c rite ria  such a s  tra in ees’ 
education and experience is  planned.

The te s t  should be ready to accompany courses 
beginning in January 1952. It is  hoped that the te s t 
can be used  to  determine the m ost effective train
ing m ethods employed in regional and S tate field 
training c e n t e r s  and to a s s is t  the S tates in 
m aintaining the level of instruction a t estab lished  
field  training cen ters.

READABILITY OF TRAINING MATERIALS

A program to determine the readability  of various 
training m ateria ls was in itia ted  in Ju ly  1950 with 
the a ss is ta n c e  of the Experim ental and Evaluation

B ranch, D ivision of H e a l t h  Education, U. S. 
Pub lic  Health Service. Although s o m e  of the 
m e t h o d s  used  were fairly  crude and frankly 
experim ental, the re su lts  point up certa in  factors 
which ind icate  the value of p re testing  training 
m ateria ls before they are published. Further study 
and experim ents in cooperation with the Experi
m ental and Evaluation B ranch are planned.

SUMMARY
The evaluation program has been mainly ex

perim ental. As ob jectives become more clearly 
defined, evaluation m e t h o d s  and devices are 
determined and s p e c i a l i s t s  called  upon for 
a ss is ta n c e  in their development. Some m easuring 
devices have proved effective; others are s till  
in the preliminary stage . It has been a slow pro
c e s s  a s  there h as  been little  precedent to follow 
so far as  the evaluation of field t r a i n i n g  is 
concerned. However, the b ases  on which the 
program is  being bu ilt appear to  be sound, and 
i t  is  believed that a usefu l program of evaluation 
w ill resu lt.

<7he 9 mfwtd&mm fí&lpisuatosHf 3>¿¿ea¿e¿ *

ALEXANDER D. LANGMUIB®*

In speaking to you, I propose to examine some 
of the general epidemiological principles that 
have led to our su ccessfu l control of many com
municable d isea ses . I shall attempt to analyze the 
prospects of substantial improvement in the con
trol of the respiratory d isea ses  that s t ill  plague

♦ P r e s e n te d  b e f o r e  j o i n t  M e d ic a l  a n d  P u b l i c  H e a l th  S e c t io n s ,  
A n n u a l  C o n f e r e n c e ,  N a t i o n a l  T u b e r c u l o s i s  A s s o c i a t i o n ,  
M ay 17 , 1 9 5 1 , C in c in n a t i ,  O h io .  P u b l i s h e d  in  t h e  T r a n s 
a c t i o n s ,  N a t i o n a l  T u b e r c u l o s i s  A s s o c i a t i o n ,  1 9 5 1 , a n d  in  
th e  O c to b e r  1951 i s s u e  o f  A m e r ic a n  R e v ie w  o f  T u b e r c u l o s i s .  

♦ ♦ E p id e m io lo g ic  S e r v i c e s ,  C D C .

u s. May I quote from the book, Plague on Us, by 
Mr. Geddes Smith:

“ Great and sm all, the respiratory infections are 
indubitably unfinished b u sin ess. These common 
ailments f orm a nosological jungle in which 
bacteria and viruses roam at w ill, despoiling  
the human race and defying both classification  
and control. Symptoms overlap and no one knows 
how many different d ise a se s  lurk behind them. 
For some of them the doctor can do little . The 
epidem iologist who hacks his way into this mess
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courts frustration . The s ta tis tic ia n  has to content 
him self w ith omnibus ca lcu la tio n s. The plain 
citizen  ta lk s  glibly of grippe or flu , gulps or 
sn iffs h is favorite panacea, and, without any 
clear notion of what is happening to him, hopes 
for the b e s t .”

Perhaps the title  of th is  paper should have been 
'Courting F rustration  in a N osological Ju n g le ,”  

or as you will hear, a more appropriate title  would 
be, “ The P o ss ib ilitie s  of E rad ica ting  Respiratory 
D ise a se s .”

In considering my broad su b jec t, I would like to 
s ta rt by challenging a w idely held b e lie f that has 
inh ib ited , and even frustrated , those of sis who 
have chosen the public health  profession. I refer 
to the proposition that the communicable d isea se s  
are now conquered and, therefore, need little  
further concerted effort.

Many of my good friends te ll  me I am w asting 
my efforts by working in a dying fie ld . They say  
that the future lie s  in the noninfectious, the met
abolic, and the chronic deb ilita ting  d is e a s e s  of 
older ages.

I challenge th is  proposition. While I wi’l not 
deny the importance of noninfectious d ise a se s ,
I m aintain tha t much rem ains to be done in the 
communicable d ise a se s . We heard from Dr. Dubes 
la s t night that he believes in further research  in 
microbiology. I need not argue to th is  audience 
tha t tubercu losis is  s t i l l  a problem in sp ite  of 
the p r e s e n t  s teep  downward curves of tuber
cu losis  m ortality. I firmly believe tha t in the field 
of the in fectious d is e a se s  there is  a happy hunting 
ground for major d iscoveries and contributions to 
the  welfare of mankind tha t for some time to come 
w ill equal, if not su rp ass , those to be made in the 
field of the degenerative d ise a se s .

“'lost of the infectious d ise a se s  may be c la s s 
ified into three broad groups a s  follow s: (1) the 
en teric  infections, (2) the arthropod-borne infec
tio n s, and (3) the respiratory  infections.

In Western c iv iliza tion , progress in the control 
of the firs t two of these  three groups of d ise a se s  
h a s  been im pressive. Re have practica lly  elimi
nated typhoid fever and the dy sen te rie s . Yellow 
fever and dengue are gone from th is  country and 
Northern Europe. Typhus and plague are now 
triv ia l problem s. Perhaps the most im pressive of 
a ll is  the story  of m alaria. T h is  d ise a se  w as 
heavily  endemic and seem ingly permanent in large 
areas of the South in the mid 1930’s , but now has 
disappeared a s  a naturally  spread d isease .

In contrast, our control of the respiratory  group

is  unim pressive. Smallpox is  our only to ta l suc
c e s s . We can take considerable pride in the record 
of diphtheria. We have only begun to apply our 
knowledge effectively  again st whooping cough. 
The seriousness of the strep tococcal infections, 
bacteria l pneumonia, m eningitis, and the bacterial 
com plications of m easles and influenza has been 
m aterially reduced by the specific  antim icrobial 
therap ies; but the beginning is  yet to be made 
in their effective control or elim ination. P olio
m yelitis, infectious h ep a titis , mumps, chickenpox, 
the common cold, and that group often termed the 
6“undifferentiated respiratory d is e a s e s ”  continue 
amongst us unabated. “ Indubitably ,”  to quote Mr. 
Smith again , “ the respiratory  d ise a se s  are un
fin ished b u s in e ss .”

Why have we been so  successfu l with the enteric 
and arthropod-borne d ise a se s  and yet have so 
largely ailed  with the respiratory  infections? The 
answ er is  clear. The former two groups of infec
tions depend for their survival either on gross 
feca l contamination of the environment, or on the 
close  associa tion  of in sec ts  or ra ts  with the hu
man population. T hese b asic  conditions for sur
v ival have been elim inated both by conscious 
public health  effort and as a beneficient conco- 
comitant of an advancing standard of living.

The reasons for our failure with the respiratory 
d ise a se s  are equally  understandable. T hese infec
tions depend for their survival on d irect person- 
to-person transm ission which cannot read ily  be 
attacked  by the broad community approach of en
vironmental san ita tion . In the few respiratory  d is
e a s e s  which we have su ccessfu lly  controlled, we 
have depended on immunization. While all of us, 
even health officers, have a personal aversion to 
need les, I believe tha t the principle of immuni
zation provides the most promising b as is  for future 
advance.

What are the prospects?  1 believe they are very 
rea l. L et us first apply what we now know. There 
is  little  excuse for m ost of the 9,600 reported 
c a se s  and 634 deaths from diphtheria in 1948, 
(the la s t year for which national m ortality figures 
are available), nor for the 74,000 reported ca se s  
and 1,100 deaths from whooping cough. T hese 
could be m aterially reduced and possib ly  elim i
nated by the effective application of ex isting  
knowledge. his problem is  e ssen tia lly  one of 
health  education of the m edical and public health 
profession and of the general public. The National 
Tuberculosis A ssociation has a long and b rillian t 
record in these  techniques.

14
Courtesy of the David J. Sencer CDC Museum



Next, le t us look a t other respiratory  d ise a se s  
for which a generally accepted immunizing agent 
i s  not now availab le . The v iru ses  of influenza 
and mumps can Le grown in the embryonated hen 
egg. T h is means that antigen can be made avail
able in alm ost lim itless q uan tities. T hus, the 
major stumbling block to the preparation of a 
vaccine has been removed. While I do not wish 
to  minimize the s t i l l  su b stan tia l developm ental 
problems rem aining to be solved before a practi
cab le , sa fe , and effective immunising agent for 
generalized  use among the population can be avail“ 
ab le for th ese  two d i s e a s e s ,  it  seem s wholly 
reasonable that th is  objective can be achieved for 
both in the near future. The iso la tio n s of the vir
u se s  of m easles, in fectious h ep a titis , and the 
common cold have been reported® T his means the 
firs t step  toward developm ent of vacc ines has 
been taken, but whether adequate amounts of anti
gen can be produced s t i l l  is problem atic.

A recen t development announced by Dr. Jonas 
Salk in A tlantic City ju s t 2 w eeks ago has d irect 
bearing on our problem of immunization. In tny 
judgment it constitu tes a very major advance in 
th is  fie ld . By sta rting  with the pioneer work o> 
Dr. Ju les  Freund, who opened up the field of the 
use of adjuvants to enhance antibody response, 
Dr. Salk h as  found th a t by se lec tin g  a simple 
mineral oil of low v isco s ity , and the right deter
gent or em ulsifying agent, he can obtain, in both 
monkeys and man, high and susta ined  influenza 
antibody tite rs  with but a single in jection . Further
more, the m aterial is e sse n tia lly  reaction  free 
and the to ta l antigen required is  fractional com
pared with the amount formerly used in influènza 
vaccines.

T h is  discovery means that many other stumbling 
b locks to the control of respiratory  d ise a se s  have 
been removed. One of these  is  tha t the sm all 
amount of antigen required ind ica tes that multi
ple types and substra ins of influenza v iru ses may 
be included in one inoculation, thereby giving 
a much broader antibody response than has been 
atta inable  heretofore. While s t i l l  new and different 
antigenic stra in s of influenza virus may appear in 
the population, it would seem  that we are much 

* nearer to the d e v e l o p m e n t  of a p rac tica l in
fluenza vaccine than we were prior to Dr. Salk s 
development.

A lso, th is  work quite adequately d isposes of 
two commonly accepted fa llac ies .

The first fallacy  is: that we cannot expect to 
achieve by a rtific ia l means a greater immunity

than is  created by naturally  acquired infection.
He has clearly  produced antibody responses 

th a t regularly exceed the natural response in 
influenza. While 1 freely admit tha t the tite r of 
antibody in the c irculating blood may not be a 
d irec t measure of immunity, there is  certainly an 
estab lish ed  relation  in influenza and in a number 
of other infectious d is e a s e s . I believe tha t we 
can look to the future field  tria ls  with the new 
influenza vaccines with considerable enthusiasm .

The second fallacy  is : tha t to  achieve sub
s ta n tia l immunity, two or more properly spaced 
doses of immunizing agent are n e c e ssa ry , the 
first, to condition the virgin suscep tib le  to an 
in itia l r e s p o n s e ,  and the se c o n d ,to  ac t as a 
booster dose to bring out the reca ll phenomenon 
and lead to higher and more susta ined  tite rs .

With Dr. Salk’s  preparation, antibody responses 
to  a single dose  r e g u l a r l y  exceed the tite rs  
achieved after multiple d o ses  of sa lin e  prepared 
vaccine.

Not only does th is  discovery lend solid prospect 
to great sim plification of ex isting  immunizing pro
cedures for a variety  of agen ts , but a lso  offers 
rea l hope of achieving useful and effective vac
c in es for new agents tha t now are in trin sica lly  
weaker antigens or more d ifficu lt to prepare in 
adequate concentrations. It may w ell be possib le  
to give a wide variety  of antigens in one dose. 
We should begin to think seriously  in term s of 
a dozen or more an tigens in one reaction-free 
dose. T h is , veritably , would be a magic bullet.

May I draw the conclusion tha t the prospects 
for major advances in the future control of re sp i
ratory d ise a se s  are bright; but we s t i l l  have a 
long way to  go, both in applying what we now 
know and in making new d iscoveries.

What is  the theore tica l lim it we can shoot for? 
I think th is  lim it is  c lea r but to d is c u s s  th is  I 
must challenge another commonly held belief, even 
a fe tish  in many c irc le s . It is  the proposition that 
eradication  of an infections d isease  is  not an 
a tta inable  or p rac tica l goal. If one w ill accept 
Dr. Ju stin  M. Andrews’ definition of the concept, 
namely area-eradication or the elim ination of the 
natural spread of the d ise a se  in a large contiguous 
a rea , such a s  the United S ta tes, I m aintain tuat 
eradication  is  a reasonable and a tta inab le  ob jec
tive for a number of d is e a se s . It w as achieved 
for yellow  fever and dengue decades ago, and 
within the p ast decade even for m alaria.

In the past 5 years the Communicable D isease  
C enter has made an in tensive search  for evidence
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of the occurrence of m osquito-transm itted m alaria 
in th is country. While a sm all number of single 
verified c a se s  has been uncovered, they have 
alm ost a ll been evident re la p se s , introduced 
c a se s , or transfusion m alarias. A very few are 
unexplained but not a sing le instance of two or 
more c a se s  occurring in epidem iological relation
ship has been discovered. T h is constitu tes area- 
eradication  as Dr. Andrews defines it.

T hese a c h i e v e m e n t s  are not lim ited to the 
arthropod-borne in fec tions. Since 1948, le ss  than 
100 c a se s  of sm allpox have been reported each 
year from the entire Nation. T hese few c a se s  are 
not concentrated along the Mexican border or in 
the port c itie s  where occasional introductions may 
w ell occur; and, therefore, it is  a reasonable ep i
dem iological conclusion that they are erroneous 
d iagnoses. The la s t outbreak of sm allpox in th is  
country, that I have been able to find, occurred 
along the Mexican border in 1949. While to the 
p u ris ts  we cannot claim eradication, we a ll know 
th a t for a ll p r a c t i c a l  purposes th is  has been 
achieved.

I maintain tha t to argue, a s  some do, that no 
infection can be considered a s  eradicated  from 
an area because it may be acciden tally  introduced 
from outside, shrouds the sign ifican t fact that the 
d ise a se  has been su ccessfu lly  elim inated. T h is 
rigid sem antic position  inhibits us from declaring 
our logical ob jectives and m akes us com plaisant 
with partia l su ccess .

L et us examine the epidem iological b as is  for 
the d isappearance of sm allpox. T h is  leads to the 
su b jec t of Epidemic Theory developed firs t by 
Farr, Hamer, Brownlee, and Soper in England and 
extended in th is  country, by F ro st, R eed, and 
Wilson. It is  axiomatic tha t, for the survival of 
any d isease  which is  caused by an obligate para
s ite  of man, one infected individual must give rise  
on the average to  one new infected individual. 
T h is  ratio , of course, may vary. If a t one partic
u lar time the circum stances are such that one case 
g ives rise  to more than one case in the next gen
eration, the incidence r is e s . As the epidemic 
p rogresses, however, recovered c a se s  become 
immune and the su scep tib les  become depleted 
to the point where new cases  no longer give rise  
to an equal n u m b e r  of s u b s e q u e n t  cases . 
Then, the incidence fa lls  and the epidemic sub
s id e s . For respiratory d ise a se s  such as m easles, 
influenza, and many o thers, the epidemic termi
na tes long before the su scep tib les  are exhausted. 
Another epidemic does not recur until the suscep ti-

b les are replenished by the addition of newborn 
individuals a s  in m easles, or by waning immunity 
a s  in influenza.

The agents of th is  group of d ise a se s  may be 
said  to have achieved a su ccessfu l biological 
balance with the human race . Their incidence 
fluctuates over short-tim e in tervals; but, averaged 
over longer time spans, it  has been remarkably 
stab le .

The epidemic th eo ris ts  have written a simple 
equation that accounts for th is  waxing and waning 
of incidence of such d ise a se s  a s  m easles. The 
incidence rate may be expressed as a function of 
only two factors: (1) the proportion of su scep ti
b les  in the population, (2) the contact ra te .

The former is  a simple concept that can be 
measured in a t le a s t approximate terms for several 
d ise a se s . The la tte r is  a composite of many vari
ab les including th e  ease  of transm ission of the 
particular infection from person to person and the 
frequency with which people come in contact with 
each other in a given time period. T hus, the con
ta c t rate is  a s ta tis t ic a l parameter determined by 
the biological ch a rac teris tic s  of the host parasite  
re la tionsh ip  and the standard of living. For d is 
e a se s  such a s  m easles and mumps, in which the 
h o s t-p a ra s ite  re la tionsh ip  has been stab le  for 
cen tu ries, the important factor determ ining the 
incidence rate is  the proportion of su scep tib les 
in the population.

For each contagious d isease  there is  a certain 
threshold of su scep tib les  which, if it is  exceeded, 
leads to the occurrence of a ris in g  incidence, or 
an epidemic; and in converse, if the proportion of 
su scep tib les  is le s s  than the threshold, no epi
dem ics can occur. The characteristic  2- to 3-year 
periodicity of m easles, which occurs so  regularly 
in many of our c itie s , can be adequately accounted 
for essen tia lly  in these  simple terms.

On the basis  of th is  theory, the eradication of 
respiratory d isease  follow s logically . All that is  
necessary  is to maintain the threshold by a rtific ia l 
m eans, such a s  immunization, w ell below that 
which is  n ecessary  for one case  to give rise  to 
one subsequent ca se . If th is reduction in su scep ti
b les is  m aintained effectively  and generally over 
a large area, such as a whole N ation, and partic
ularly in pockets of the population where the con
ta c t ra te  is  e spec ia lly  high, the d isea se  must 
stead ily  and progressively  d isappear. With a 
truly effective program of immunization, th is  d is 
appearance should be rapid, a matter of only a 
few years.
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It should be em phasized that the conditions nec
essary  for the disappearance of such an infection 
do not, by any m eans, require tha t the to ta l pop
ulation be immunized. Probably a 50 percent re
duction in the proportion of su scep tib le s , if w ell 
d istribu ted , would be sufficient.

T his is  exactly  what has happened with sm all
pox. Although 150 years have now passed  since 
Jenner’s discovery , we substan tia lly  achieved 
th is  goal many years ago. We have reached the 
goal in sp ite  of the fact that vaccination is  by 
no means universal and the immunity conferred 
by vaccination is  neither absolute nor permanent. 
V accination is  a sufficien tly  w idespread p ractice , 
particu larly  as a requirem ent for adm ission to 
sch o o ls , to  maintain the threshold of su scep ti
bility  to the d isea se  a t the leve l where the d is
ease  was forced to d i s a p p e a r  as an endemic 
infection.

Two additional factors are important in th is  
achievem ent. The firs t is the rigidly enforced 
requirem ent th a t a ll travelers, both immigrants 
and to u ris ts , must have a recen t successfu l vacci
nation before entering the country. T his m aterially 
reduces the chance of introduction of the d isea se . 
The second factor is  the popular clamor and de
mand for vaccination whenever a case of smallpox 
is  reported. The primary factor, however, is  the 
routine vaccination of our school children which 
keeps the threshold a t a sa fe , low level. If we 
fail to maintain th is p rac tice , we expose ourselves 
to danger.

I believe these  p rincip les are epidem iologically 
sound and generally applicable to any acute infec
tious d isea se  caused by an obligate parasite  of 
the human race , and for which acquired immunity 
is  the factor controlling incidence. They certainly 
apply to m easles, mumps, and chickenpox, where 
a high proportion of the to ta l infections are c lin i
cal c ases  and immunity is  long lasting . I can see 
no theoretical reason  why they should not apply 
to d ise a se s  such a s  diphtheria, whooping cough,

and poliom yelitis where a higher proportion of in
fections are ¡»apparent. The strep tococcal, pneu- 
m onococcal, and m eningococcal in fections, and 
influenza, p resen t sp ec ia l problems because of 
the m ultiplicity of i m m u n o l o g i c a l l y  d is tin c t 
types. T hese may ra ise  p rac tica l problems in 
the development of specific  vaccines but not 
basic  theore tica l objections of an epidem iological 
nature. The basic  requirem ent is  an effective im
munizing agent.

¿n summary, then, the necessary  conditions for 
the area-eradication of the common respiratory  
contagious d ise a se s  are:

(1) The reduction of the threshold of su scep ti
b le s  to a level where one case  gives r is e , on 
the average, to le s s  than one case  in the next 
generation. T h is im plies rather w idespread and 
continuing p rac tice  of immunization and the 
availab ility  of a sa fe , effective, and p rac tica l 
immunizing agent. It does not imply universal 
immunity.
(2) The m aintenance of effective requirem ents 
of immunization of immigrants and to u ris ts  
entering the country to prevent introduction of 
the d isea se .
(3) A constan t and v ig ilan t epidem iological 
su rveillance, supported by an informed and 
cooperative public to stam p out by intensified  
immunization any acciden tal introduction that 
may occur.
The respiratory d ise a se s  are unfinished busi

n ess . E tio log ica l d isco v erie s , particularly  the 
cultivation of specific  agents in the chick embryo, 
and the sim plification and enhancem ent of immu
nizing procedures, give promise of new achieve
ments in the near future. The area-eradication 
of respiratory d ise a se s  is  the ultim ate goal which 
should be theoretically  a tta inab le  for a number 
of respiratory  in fections. When th is  is  achieved 
the noninfectious, chronic, deb ilita ting  d ise a se s  
w ill ju stly  command the primary atten tion  of the 
epidem iologists.

t
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INTRODUCTION
M osquitoes in irrigated pastu res in C alifornia 

have been a major reason for one of the m ost 
in tensive  large-scale  in sec t abatem ent programs 
ever organized in the in te re s t of public health  and 
community w elfare. The program h as expended 
m illions of dollars and has received such public 
commendation that the future w ill bring an exten
sion of mosquito control to additional areas of
C alifornia and neighboring S tates. ^

The advance of technical and sc ien tific  know
ledge is  falling behind the advancing desire on 
the part of the public for expanded and in tensi
fied mosquito control. In th is  fie ld , the science  of 
mosquito ecology h as  probably lagged farthest 
behind. Several reasons for th is  condition ex ist.

F irs tly , the need for operational in v estiga tions 
on the ecology of irrigated pasture  m osquitoes 
could not be recognized un til a fter the need for 
mosquito a b a t e m e n t  over large areas became 
recognized as important to the welfare of the 
people in C alifornia. Secondly, the control pro
gram had to e s tab lish  i ts e lf  in the financial sy s
tems of State and local g o v e r n m e n t s  as a 
continuing program before efforts could be tam ed 
to le s s  w ell understood a sp ec ts  of the science  
o f mosquito ecology.

* A  c o n t r i b u t i o n  o f  t h e  B u r e a u  o f  V e c t o r  C o n t r o l ,  C a l i f o r n i a  
S t a t e  D e p a r t m e n t  o f  P u b l i c  H e a l t h ,  a n d  C D C  c o n d u c t e d  i n  t h e  
f i e l d  a r e a  o f  t h e  T u r lo c k  M o s q u i to  A b a t e m e n t  D i s t r i c t  w it h  
t h e  s u p p o r t  o f  t h e  C a l i f o r n ia  M o s q u i to  C o n tr o l  A s s o c i a t i o n .  
A c k n o w le d g m e n t  i s  e x t e n d e d  t o  J a m e s  B r a y ,  G r a f t o n  C a m p b e l l ,  
a n d  t h e  o t h e r  V e c t o r  C o n tr o l  O f f i c e r s  w h o  a s s i s t e d  i n  t h i s  
s t u d y .  E s p e c i a l  m e n t io n  i s  m a d e  o f  t h e  v a l u a b l e  c o n s u l t a t i o n  
a n d  a d v i c e  g i v e n  b y  t h e  O p e r a t io n a l  I n v e s t i g a t i o n s  C o m m it te e  
o f  t h e  C a l i f o r n i a  M o s q u i to  C o n tr o l  A s s o c i a t i o n .

» » F o r m e r ly  C D C , a s s i g n e d  t o  B u r e a u  o f  V e c t o r  C o n t r o l ,  
B e r k e l e y ,  C a l i f .  N o w  w i t h  D i v i s i o n  o f  I n t e r n a t io n a l  H e a l t h .

« • » R e s i d e n t  E n t o m o l o g i s t ,  a n d  A s s i s t a n t  E n t o m o lo g i s t ,  
r e s p e c t i v e l y ,  C e n t r a l  V a l l e y  M o s q u i to  E c o l o g y  S t u d i e s .  
C a l i f o r n i a  M o s q u i to  C o n tr o l  A s s o c i a t i o n .

t P a r a s i t o l o g i s t ,  B u r e a u  o f  V e c t o r  C o n tr o l ,  F r e s n o ,  C a l i f .

Courtesy of the David J. Sencer CDC Museum

There are several factors contributing to the 
p resen t ex istence of a S tate investigation on the 
ecology of irrigated pasture m osquitoes: firstly , 
the alm ost complete lack of knowledge of many of 
the m ost fundamental a sp ec ts  of the natural history  
of irrigated pasture m osquitoes; secondly, the 
the ever-increasing demand for even greater effi
ciency in the control program; thirdly, the pending 
increase  in irrigated acreage brought about by the 
C entral V alley P ro jec t (1) which w ill sub ject the 
G reat Central V alley to a predicted increase  of 
one-third in to tal mosquito control problem area; 
and la s tly , increased  d ifficu lties in m aintaining 
the standard of control e s tab lished  for the C ali
fornia program.

T he purposes of the p resen t in v estiga tions,
which began in July 1949, were to e s tab lish
fundamental fac ts  with regard to the natural history 
of irrigated pastu re  m osquitoes. The essen tia l
problems were to determine the mosquito spec ies 
ex isting  in a typical habitat, the re la tive sp ec ies  
abundance, the number of irrigation cyc les each 
year, the mosquito growth cycles, and the effect 
o f temperature on the growth and ac tiv itie s  of the 
irrigated  pasture  m osquitoes. Much of th is  basic  
information was obtained.

M ATERIALS AND METHODS

F o r spec ia l study during the 1950 season an
irrigated pasture of approximately 90 acres, located  
in S tan islaus County in T55, R 9E , S 9 ,tt w as 
chosen. At one time th is  pasture, referred to here
in as the Schaub Study P a s tu re , had been planted 
to Ladino clover and pasture g ra sse s , but a large 
portion of the pasture  was in poor condition at 
the beginning of observations in March 1950. The 
soil is  F resno  se rie s  dry sandy loam underlaid

tt T h r o u g h  c o u r t e s y  o f  t h e  o w n e r  a n d  o f  t h e  T u r lo c k  M o s q u ito  
A b a te m e n t  D i s t r i c t ,  n o  c o n t r o l  w a s  d o n e  i n  t h i s  p a s t u r e  
d u r in g  m o s t  o f  t h e  s t u d y  ( th e  f i r s t  13  i r r i g a t i o n s ) .
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with an almost impermeable hardpan a t  depths of 
from 12 to 30 inches.

The pasture is  an inverted L-shaped block of 
land located about 8 m iles w est of Turlock in the 
midst of an intensively-farm ed area. A t the time 
of the study it was surrounded by several different 
types of crops. It was bordered on the north by a 
watermelon patch  and a  com fie ld , and on the 
e a s t by a settlem ent of about 20 inhabited farm 
houses and groves of eucalyptus trees . To the 
south , a small pump-irrigated rice field stood 
ad jacen t, fitting  into the angle of the L and lying 
just to the e a s t of another irrigated pasture. On 
the w est, it was bordered by a S t a t e  highway 
beyond which were a corn field and additional 
pasture land. The ow ner's house and bam s were 
located in approximately the northwest com er of 
the pasture.

Most of the s tu d ies  were conducted in a 50-acre 
section  of the pasture w h i c h  in turn could be 
divided into three areas. T hese  were: (1) an 1&- 
acre section  ju s t south of the farm buildings; (2) 
a 20*acre section cen trally  located; and (3) an 
area  of approximately 10 acres located e a s t  of the 
20-acre section and ad jacent to  the rice field. 
T hese  sec tions were separa ted  by irrigation 
d itches and were bordered by fences or fence 
posts .

Strip checks, which are level s trip s  of land 
about 50 ft. wide bordered by foot-high earthen 
ridges, extended from e a s t to w est. Irrigation 
was started  in the higher eastern  end of the checks 
and was completed in sequence beginning with 
the most easte rly  sec tio n s of the pasture  and 
progressing to the w est as needed.

The pasture was kept under continuous observa
tion from the beginning of irrigation in the spring 
to early September. Special attention  was given 
to  the central sec tions of the p a s t u r e  where 
observation sta tio n s were estab lish ed  for regular 
daily v is its .

A standard weather sta tion  type of structure 
was located in the central portion of the field and 
contained a hygrothermograph se t for weekly 
records of temperature and humidity.

Irrigation as p r a c t i c e d  by the farmer was 
dependent upon the schedule of delivery  through 
the canal supply system  of the local irrigation 
d is tric t. The farmer’s field  practices for handling 
th is  water were different for each irrigation but 
generally resu lted  in the flooding of certain low 
areas during each cycle. Usually about 12 to 18 
hours was required for a complete irrigation of

the pasture although the central 20 acres generally 
was flooded in about 6 hours.

Water maps were prepared to delineate the area 
covered after each irrigation» T h ese  maps were 
made about 24 to 36 hours after the irrigation had 
ceased  so that preliminary drainage could occur 
and so that the fixed point after which the reced
ing water m ust leave the checks by either percola
tion, absorption, transp iration , or evaporation 
could be ascerta ined . T h ese  maps coincided with 
the development of second stage larvae of A edes  
nigromaculis (Ludlow) and with the beginning of 
control operations under certain circum stances.

Observation s ta tions were s e t up in se lec ted  
checks and daily records were made of the water 
depth, the temperature of the w ater and air, and 
the larval density in terms of the number oi larvae 
taken per dip. Aquatic s tag es  were collected  
from each sta tion  during each v is it  and were 
preserved for future identification  of stage and 
sp ec ies  of the larvae and the genus and sex of 
the pupae.

A. nigrom aculis, the m ost abundant sp ec ies  
under observation, received a major portion of the 
attention during the study. For purposes of the 
study, cycles of growth for th is  sp ec ie s  were 
arbitrarily determined to  begin with the flooding 
of the field  and to end with the emergence of 
adults» T hese two points in the life cycle of the 
sp ec ies  population were believed to  be those 
which could be accurately  determined and there
fore would resu lt in comparable data .

R ecords of adult m osquitoes were made by the 
u se  of the cloth flag counting method (2) during 
the day and of a light trap located  near the p as
ture a t night. T h ese  indexes to adult density and 
activity  provide information for a better under
standing of the natural history of A. nigromaculis.

R ES U LTS

E ighteen cy c les  of irrigation were conducted 
in the Schaub Study P as tu re . A growth cycle of 
A edes  m osquitoes occurred a t  each irrigation. 
The length of the growth period shows close 
correlation with the tem perature. At tem peratures 
averaging above 85° F ., a  growth cycle of le s s  
than 5 days occurred» At tem peratures between 
75° F . and 80° F .,  th ree  cy c les  were recorded 
requiring from 5.75 to 6.5 days. At 70° F . to  74°
F .,  three cycles were recorded requiring 6.5 to
6.75 days. When the mean temperature w as from 
65° F . to 70P F . ,  two cy c les  of 7 and 8.5 days 
were recorded. Two cy c les  of 9 and 10 days were
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recorded for tem peratures averaging 60° F . to 
65° F . ,  and two cycles of 14 and 16 days were 
recorded for mean tem peratures 57° F . and 54° F.» 
respective ly , (table 1).

Samples of larvae identified showed that A. nig
romaculis amounted to 98 .3percent of the A edes  lar
vae collected and 86.9 percent of the to tal mosqui
to e s  collected . Culex tarsa lis  C oquillett was the 
most common Culex  and amounted to 90.5 percent of 
the specim ens of tha t genus co llected . T h is sp ec ie s  
accounted for 10.2 percent of the to ta l types of mos
quito larvae taken. C uliseta  inornata (W illiston), the 
only C uliseta  c o l l e c t e d  in the larval s tag e , 
amounted to 0.3 percent of the to tal. The genus 
C uliseta  occurred in only the firs t s ix  cycles.

It w as noted that for 676 Culex pupae co llected  
there was an a l m o s t  50*50 ratio  of m ales to 
fem ales, while for 6,077 A edes  pupae collected 
there was a ratio of 46.6 m ales to 53.4 fem ales. 
Examination of the data also indicated  that the 
number of f e m a l e  Aedes  pupae exceeded the 
number of male A edes  pupae co llec ted  in every 
ca se  in which more than 200 A edes  pupae were 
collected; w hereas the male pupae exceeded the

fem ales when fewer than 200 pupae were collected .
During the longest growth cycle (flooding of 

pasture to adult emergence) which consisted  of 
16 days from March 16 to March 31 inclusive, the 
following periods of time were required for each 
larval stadium: f irs t, 3 days; second, 2 days; 
third, 2 days; fourth, more than 6 days. The pupal 
stage required 3 days. The sho rtest growth cycle 
s tu d ies  occurred from June 29 to July 4, a to ta l of
4.75 days. During this short cycle the following 
periods of time were required for each larval 
stadium: f irs t, 24 hours; second, 12 hours; third, 
24 hours; fourth, 36 hours. The p u p a l  stage 
required about 24 to 36 hours. .

In making these  observations i t  m ust be noted 
th a t there was some overlap of s ta d ia —some 
specim ens reached the fourth instar while others 
were m oulting from second to third. The major 
portion of each brood of A. nigromaculis larvae 
changed en m asse frc*n one instar to the next.

The relationship  of two indexes to adult A edes  
density  is  shown in tab le  2 in which flag counts 
and ligh t trap  counts are compared for 13 cycles 
of irrigation in the study pasture.

T a b le  1

Ir r ig a t io n  D a te s  (H a tc h in g  D a te  for " A e d e s ”  e g g s ) ,  D a te s  A d u l t s  F i r s t  E m erg e d ,  
L e n g th  of Growth C y c le  in  D a y s  and the  Mean o f  th e  Maximum,

Minimum, and Mean Air T e m p e r a tu r e s  for the  P e r io d .

Cycle Date I r r ig a te d
Hate 

A dults Emerged

No. days 
fo r  

Energence
Mean o f  te n p e ra tu re s  in  °F.

Max. Min. Mean

1 March 16 (6 a.m .) A pril 1 (a.m .) 16.0 67 41 54
2 A pril 6 A pril 20 14.0 70 44 57
3 A pril 20 A pril 29 9.0 78 43 61
4 May 3 (2 a .m .) May 13 (a. m.) 10.0 76 44 61
5 May 13 (8 p. m.) May 22 (a. m.) 8.5 84 48 66
6 May 25 (4 p. m.) June 1 (a.m .) 6.5 93 56 75
7 June 5 (10 p. m.) June 14 (8 a.m .) 8.5 78 49 64
8 June 17 (6 p .m .) June 24 (a. m.) 6.5 87 53 70
9 June 29 (6-12 a.m .) Ju ly  4 (a. m.) 4. 75 ' 107 64 86

10 Ju ly  11 (5-12 a .m .) Ju ly  17 (a.m .) 6.0 96 60 78
11 Ju ly  23 (a. m.) Ju ly  29 (p. m.) 6.5 91 55 73
12 August 3 (a. m.) August 10 (noon) 6. 75 87 53 70
13 August 15 (noon) August 21 (a.m .) 5. 75 100 58 79
14 August 26 (a.m .) Sept. 1 (a.m .) 6.0 97 60 79
15 September 6 September 13 7. 5 82 53 67
16 September 18 September 24 6.5 87 53 70
17 September 29 October 6 8.0 81 47 64
18 O ctober 9 O ctober 20 11.0 84 50 66
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T able 2

PEAK ADULT INDEX OF FEMALE "AEDES NIGROMACULIS” (LUDLOW) FROM CLOTH FLAGS AND 
LIGHT TRAPS, SCHAUB STUDY PASTURE, TURLOCK, 1950.

C ycle No.
Date A dults  

Emerged

Peak Index
F lag Count L igh t Trap 11

Date Index Date Count

1 A pril 1 A pril 4 4. 8 A pril 6 30*
2 A p ril 20 A pril 25 0 .7 A pril 24 32*
3 A pril 29 May 9 0. 6 May 13 4*
4 May 13 May 20 0 .4 May 13 4*
5 May 22 May 25 5 .9 ** **

6 June 1 June 3 1.3
7 June 14 June 17 14.7
8 June 24 June 26 9. 6 June 26 216
9 Ju ly  4 Ju ly  6 23.3 Ju ly  7 1,519

10 Ju ly  17 Ju ly  18 7. 1 Ju ly  22 976
11 Ju ly  29 August 1 56.8 Ju ly  31 1,274
12 August 10 August 12 14.4 August 13 236
13 August 21 August 24 21.9 August 24 1. 181

• C o l l e c t i o n s  f o r  3 - d a y  p e r i o d s »
‘ • C o l l e c t i o n s  d e s t r o y e d  b y  mus eum p e s t s  b e f o r e  i d e n t i f i c a t i o n «

R ecords of tem peratures, shown in table 3 and 
table 4, in d ica te  there is  a difference between the 
w ater and air tem peratures and th a t the surface 
and bottom tem peratures vary with the depth of 
the water and the amount and type of vegetation 
presen t. For seven s ta tio n s , varying from 4.5 to 
9.5 in . in depth and showing a change m type and 
amount of vegetation , there was a difference of 
from 1° to 17° between the bottom tem peratures 
and the surface tem peratures of the water.

Daily fluctuation of air tem peratures during 
the early part of July w as found to be mere than 
40P F . From a low of about 64° F . which occurred 
about 5 a.m. each morning, the air temperature 
rose rapidly reaching more than 106 F . by 4 p.m. 
Water tem peratures during the same period ranged 
from 77° F . to 108° F .

The need to have m easurem ents of the volume 
and ex ten t of water producing a b r o o d  of /4. 
nigromaculis within the Study P astu re  w as met by 
carefully mapping a single check each morning 
during the t e n t h  irrigation cycle . T h is  check 
(Number 9) was mapped for 630 ft. of its  ¡ength 
and for 57.5 ft. in width. T h is area  was computed 
to be 36,225 sq. ft. (0.83 acres) of which 96.9 
percent w as f l o o d e d  (table 5). B ased  on an 
estim ated average d e p th , the volume of water 
amounted to 53,325 gal. T h is cycle required 6.0 
days from flooding of the field  to the firs t observed

emergence of adu lts . On the morning of the sixth 
day only 10^368 sq. ft. of the original flooded 
area was s till covered with w ater and that amount
ed to 9,720 gal. By the time the adult A edes  had 
all emerged, only about 10  percent of the check 
under observation was s ti l l  flooded. Ten days 
after the irrigation of July 11 and two days before 
the field  was reirrigated , only an estim ated 397 
gal. of water covered le s s  than 3 percent of the 
ground area. T his is  further com plicated by the 
fac t that survival of the sp ec ie s  is  no t indicated 
by rem aining w ater. A edes  that are able to reach 
la te  fourth stage or pupae can sometimes survive 
on m oist soil to finally emerge as  adults after 
a short period of developm ent.

DISCUSSION OF RESULTS

R esu lts  of these  m easurem ents indicate the 
complexity of the ecological problems involved. 
Each irrigation cycle is  a potential source of 
increasing  numbers of m osquitoes. A su ccess io n  
of sp ec ies  occurs with each irrigation, beginning 
with the Aedes  and e n d i n g  with the C ulex. 
Although the dominant sp ec ies  is  A. nigrom aculis, 
A edes dorsalis  com pletes for that dominance 
during the cooler spring and summer m onths. In 
the S tan islaus County area where the stud ies 
were conducted, the production of 18 irrigation 
cyc les does not n ecessa rily  indicate the produc-
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Table 3

RECORDS OF WATER TEMPERATURES, AIR TEMPERATURES, AND DEPTHS AT SELECTED 
STATIONS IN THE SCHAUB STUDY PASTURE, JULY 1, 1950

T enpera tu res Hoar o f
Station A ir Water to y Depth o f Water
Number Surface Bottom (PM) (Inches)

SA 101 104 1:45 3.50
17A 96 105 l: 00 2.50
19A 96 92 12:50 7. 25

E23A 100 94 2:10 2. 75
13A 97 95 89 l: 10 5.25

W. D itch
a t  12A 98 94 85 l: 15 9.50 '

9A 98 96 79 l: 20 6. 75
10A 98 102 100 1:30 4.50

7A 98 101 100 1:35 4.50
». D itch

a t  6A 101 97 89 i: 50 5.00
E12C 100 100 89 2:00 4. 75

Mean (Last 7) 98.5 97.8 88.7 5.73

T a b le  4

RECORDS FOR THE POOL OF STANDING SATER IN THE WEST END OF TWO CHECKS IN THE
SCHAUB STUDY PASTURE, JULY 1

Check 7 -  Open Water, No V egetation , A lk a li Bottom, 1:35 p.n .

Water TEMPERATURES
S ta tio n Depth Water
N unber ( Inches) Air Surface Bottom

1 1.00 98 103 103
2 5. 00 98 102 100
3 0. 50 98 103 103
A 4. 50 98 101 100

OiccSs 13 - Short Ladiœo C lover fev e rin g  Bottom Emergent When l a t e r  i s  1 to  2 in . Deep
i 1. 75 97 103 100
2 3. 50 97 101 98
3 5.00 97 101 96
4 1.00 97 104 104
A 5.25 97 95 89

tion of the same number of generations of 
nigrom aculis. O t h e r  factors com plicate th is  
problem. The unknown factors involved in the pro
duction, conditioning, and maturation of A edes  
eggs m ust be c o n s i d e r e d .  The egg-to-egg 
generation is  the most d ifficu lt to m easure since  
dormancy may affect the number of eggs that will 
hatch . T h is dormancy re su lts  in the partia l over

lapping of ha tches of eggs deposited  by several 
preceeding generations with each flooding of the 
pasture, and cau ses  explosive in c rea se s  in the 
adu lt mosquito p o p u l a t i o n .  T h is  is  further 
com plicated by the fact that as the temperature 
in creases , the ra te  of growth in the aquatic s tag es  
is  speeded up which resu lts  in a shorter egg-to-egg 
cycle . The shortening of th is  cycle  in c reases  the
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Table 5

M e a su re m e n ts  of A mount o f  Water C o v e r in g  a  S in g le  C h e c k  (N um ber 9) 
S ch aub  S tu dy  P a s t u r e ,  S t a n i s l a u s  C o u n ty ,  C a l i f . ,  1930. (T o ta l  A rea  of 

C h e c k  E s t im a te d  a t  3 6 ,8 2 5  Sq. F t . ) «

Date

Days
After
Irrigation

Area 
Covered 
By later 
(Sq. Ft.)

Percent of 
Area Covered 
By later

Volume of
Water
(In gallons)

"Aedes”
Energenee

July 11 0 35, 110 96. 9 53, 325 Hatched
12 1 26,505 73. 2 43,897
13 2 25,209 69. 6 33,870
14 3 21, 645 59. 8 28,410
15 4 18, 101 50.0 21,502
16 5 * * • •
17 6 10, 368 28. 6 9, 720 Emergence Began
18 7 5, 184 14. 3 4, 665
19 8 3,564 9. 8 2,452 Completed
20 9 1, 782 4.9 1, 110
21 10 972 2.7 397

• T a b l e  p r e p a r e d  f r o m  d a t a  e o l l e e t e d  by W i l l i a m  E.  T r i m a i n g h a x ,  E n t o m o l o g i c a l  A s s i s t a n t .  
**No r e c o r d  made o n  t h i s  day .

number of mature eggs availab le for hatching with 
each irrigation. The synchronization of the egg» 
to-egg cycle and of the irrigation cycle may occur 
in midsummer. Large in c reases  in the adult popu
la tions of A. nigromaculis o c c u r r e d  in July, 
A ugust, and September during the 1950 season .

Control m easures differ in various parts of the 
Centra! V alley of C alifornia w h e r e  irrigated 
pastu res are found. In general, larval control 
is  directed  a t the second to fourth stage  larvae 
of A. nigromaculis. A s the summer tem peratures 
r is e , the growth rate of these  s tag es  is  speeded 
up until the time availab le  for la rv icid ing  may 
be cut in half. In some c a se s  the timing becomes 
so critica l tha t the operator may have only a 
single day to reach flooded areas where the water 
area is  sm all e n o u g h  tha t i t  can be treated  
economically and s till control the larvae before 
pupation occurs.

SUMMARY

1. Each of eighteen irrigation c y c le s  produced 
a corresponding growth cycle of Aedes m osquitoes

in a se lec ted  study pastu re .
2. The dominant sp e c ie s  in irrigated pastu res 

is  Aedes nigromaculis (Ludlow). Cultex tarsalis 
Co quill e tt  is  the dom inant Culex and occurs in 
areas of poor drainage and s tan d in g  water.

3. The growth rate of aquatic s tag es  of A. 
nigromaculis varied with the  tem perature. As the 
mean temperature in creased , the ra te  of growth 
increased  and the time spent in various in sta rs  
decreased .

4 . In the p a s t u r e s  studied , peaks of /(, 
nigromaculis production o c c u r r e d  during the 
months of Ju ly , A ugust, and September.
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MILTOM H. BSJEHLER, J R . ,  S. A. Sanita r ian  (R)*

*

Figure 1

To fac ilita te  the collection of ecto
p a ras ite s  from trapped ra ts , an ecto 
p arasite  co llecting  device has been 
made, u tiliz ing  the suction  provided 
by the w indshield w iping mechanism 
of an automobile (figure 1).

T h is apparatus makes it  possib le  
to co llec t ec to p arasites  in the field 
immediately after k illing  of the ro
dents in a cyanide jar. E c to p arasites  
collected  can be segregated by ind i
vidual rodent from which taken, or 
by location pools, merely by changing 
the collection bottle and labeling it.
Separation and identification  can then 
be accom plished in the laboratory in 
the usual manner. The collector en
ab les personnel making ra t surveys or 
conducting ra t eradication to d is 
pense with the p an s , tray s , combs, 
and f ile s  usually  employed in the ec 
toparasite  phase of their work. It a lso  
elim inates the n ecess ity  of bringing ra ts  to the 
laboratory for combing a t the end of the day, at 
which time the hair on many rodents has begun to 
s lip  a s  a re su lt of decom position.

In operation, the rat is  held in the hand and 
gently  combed by raking the comb back and forth 
over the rodent. The dislodged ec toparasites  are 
sucked into the device.

The co llecting  device has been used on severa l 
ra ts  which la te r were combed in the conventional 
manner w ithout recovering additional ectopara
s ite s . It has co llected  the following sp ec ies: 
fleas  — N osopsyllus fa sc ia tu s  and Ctenocepha-

lides fe lis ;  m ites — Macrocheles spp.; and lice  — 
Polyplax spinulosa.

M aterials used in the construction of th is vacu
um device consisted  of copper tubing, b rass oil 
line fittin g s, a sm all valve, 150-mesh screen, 
rubber tubing, and a standard sputum bottle.** 
The mechanism w as mounted on an aluminum 
disk  which was a ttached  to the dashboard of the 
automobile in the opening originally designed for 
a radio loudspeaker.

The new device should save much time and 
effort for p e r s o n n e l  engaged in ectoparasite  
collection .

♦ O re g o n  S ta t e  B o a r d  o f  H e a l th ,  C D C  A c t i v i t i e s ,  P o r t l a n d ,  O rege  

♦ ♦ D e ta i l s  o n  t h i s  d e v i c e  a r e  a v a i l a b l e  f r o i r  t h e  a u th o r  u p o n  r e q u e s t .
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K e n tu c k y

jbyAe*U&by and jblaviA&a rf-ly GontwU PwuyuHft 
(q.y.i95l)

E .  V. WELCH* and  S. A. LACY**

In May 1950, aid for a cooperative program to 
control dysentery and diarrhea, through fly control 
m easures, w as made availab le  to Kentucky by the 
Communicable D isease  C enter.

In se ttin g  up the program the Communicable 
D isease  Center recommended that an area of high 
endem icity be se lec ted . In view of the rela tively  
high incidence of these  d is e a se s  in eastern  Ken
tucky , it w as proposed that the pro ject be se t up 
in a city in tha t part of the S ta te . To participate 
in the program, the city w as expected to provide 
for san ita tion  ac tiv itie s , labor for spraying, main
tenance and storage of equipment, and in sec ti
c id e s . F edera l funds were to be u tilized  to provide 
for vehicular equipment, spray m achines, and 
techn ica l and supervisory personnel as required. 
CDC participation  in the program was contingent 
upon continued F edera l appropriations.

During the la tte r part of May and in June 1950, 
health  departm ents in eastern  Kentucky were con
tac ted  and the program w as outlined to them. T hese 
contacts were made to s e le c t a city  tha t could meet 
the above requirem ents and tha t would be inter
ested  in the program. The city of Harlan w as fin
ally  se lec ted  since  it w as the only city in a posi
tion to provide the n ecessary  cooperation, and 
s in ce  it had a sufficiently  high incidence of dysen
tery and diarrhea to qualify.

On June 28, 1950, rep resen ta tiv es  of CDC and 
of the S tate Department of H ealth were invited to 
m eet with the Harlan City Council to explain the 
program. The council accepted  the program and on 
tha t date voted an appropriation for fly control for 
the remainder of calendar year 1950. At tha t meet
ing, the council agreed to furnish two laborers -for 
spraying; storage fa c ilitie s  for trucks, equipment, 
chem icals, and supp lies; and m aintenance of 
trucks in lieu  of the purchase of chem icals. The 
Harlan County Health Departm ent agreed to furnish

♦ S ta te  C D C  E n to m o lo g i s t ,  K e n tu c k y .
♦ ♦ A s s i s t a n t  S ta t e  D i r e c t o r ,  C D C  A c t i v i t i e s ,  K e n tu c k y .

office space  and c lerica l a s s is ta n c e . CDC agreed 
to  furnish trucks, spray m achines and equipment, 
and an area s u p e r v i s o r  and other technical 
a s s is ta n c e .

During the council m eeting it w as em phasized 
tha t to obtain fly con tro l,p rinc ipal em phasis should 
be placed upon the elim ination of fly breeding foci 
through the improvement of m unicipal p rac tices 
p resently  employed in the co llec tion , storage, and 
d isp o sa l of refuse . Chem ical treatm ent should be 
employed only as a s u p p l e m e n t  to improved 
san ita tion .

In a sp ec ia l meeting in March 1951, the Harlan 
C ity  Council accepted a program for calendar year 
1951, e ssen tia lly  the sam e as that for calendar 
year 1950.

Harlan lie s  a t the junction of Martins Fork and 
C lover Fork C reeks, headw aters of the Cumberland 
R iver. The business d is tr ic t and much of the re s i
d en tia l d is tr ic ts  are in a valley alm ost entirely 
surrounded by m ountains. The city  is  located  on 
U. S. Highway 119 and State Highways 66 and 257. 
It is  served by a branch of the L ouisville  and 
N ashville Railroad.

Harlan has a population of 4,779 inhabitants 
(1950 preliminary census). In the outlying areas 
ad jacent to the city  there are approximately 2,000 
people, making an over-all population or approxi
mately 6,779 in the area. The chief industry in the 
area  is  coal mining. Although some farming is 
p racticed , it is  of little  consequence.

T he city is served by the Harlan County Health 
Department with both office and clin ic located in 
the city. The County H ealth Department w as organ
ized in August 1920. P rior to tha t date there had 
never been an organized city- or county-wide 
health  or san ita tion  program. At p resen t the County 
H ealth Department is staffed  by a part-tim e health 
officer, one full-tim e san ita rian , one field  nurse, 
and two clerks.

In July the Communicable D isease  C enter a s 
signed  Mr. Henry B. White, Jr . to the Kentucky
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State Department of Health to serve a s  an area 
supervisor in fly control ac tiv itie s  in the S ta te . 
Since Mr. White had a background of 8 years exper
ience in vector control operations, he received 
only a brief orientation in L ou isv ille  and pro
ceeded to Harlan on Ju ly  17 to superv ise  the 
progress in tha t city . With a ss is ta n c e  from CDC 
headquarters, he spen t the rem ainder of July in 
se ttin g  up office sp ace , holding conferences with 
health  and city o ffic ia ls , arranging for storage of 
equipment and su p p lies , and se lec tin g  and mapping 
a check city.

For inspectional and operational purposes Harlan 
w as divided into sec tio n s  based upon fly densi
t ie s ,  san ita tion  lev e ls , and socioeconom ic condi
tio n s. Thé city  has a compact, w ell-defined bus
in e ss  d is tr ic t, two widely separated  low -class 
re s id en tia l a rea s , and single middle- and high- 
c la s s  res id en tia l d is tr ic ts . Boundary lines were 
estab lish ed  for these  five sec tio n s and each block 
w as assigned  a number. E ach sec tion  was then 
divided into evaluative units consisting  of approx
im ately 10 contiguous blocks in the b u sin ess  d is
tr ic ts  and the low- and m iddle-class res id en tia l 
d is tr ic ts , and approximately 20 homogeneous 
blocks in the high c la s s  re s id en tia l d is tric t. With
in each evaluative unit, the block that had the 
g rea test density  of f lie s  or fly breeding condi
tions w as designated  as a fixed block sta tio n . In 
addition to the fixed block a second block w as 
se lec ted  a t random in the evaluative units and 
inspected  weekly.

To provide information on the normal trends of 
fly prevalence in a city in the a rea  in which fly 
control p rac tices  are not employed, the city of 
Cumberland, situa ted  22 m iles northeast of H arlan, 
w as se lec ted  a s  a check city . Selection of Cum
berland over other c itie s  in the area was based on 
its  sim ilarity  to Harlan in socioeconom ic, indus
tria l, and san ita tion  lev e ls ; fly prevalence; and 
its  proximity to Harlan. The city  was divided into 
sec tio n s  and evaluative units the same a s  w as 
done for Harlan.

G rill surveys were made a t weekly in tervals 
in a ll fixed and random blocks. Inspection of com
parable sec tio n s  in both c itie s  w as scheduled 
insofar a s  possib le  on the sam e day to minimize 
the effect of daily  varia tions in w eather condi
tio n s. Under normal conditions, le s s  than 2 days 
w as required for the inspection work and ad just
ment of the schedule w as made whenever d is 
rupted by w eather. For a ll regular surveys the

►

Scudder grill* w as used.
U nfortunately, due to delays in the arrival of 

equipment, chem icals, and other su p p lie s , the con
tro l and inspection ac tiv itie s  did not get under way 
until the firs t week in August 1950. A pretreatm ent 
grill survey w as made in H a r l a n  the week of 
A ugust 6. Chemical treatm ent was begun in the 
b u sin ess  sec tion  of the city during the same week. 
The chem ical treatm ent w as e x t e n d e d  to a ll 
sec tio n s of the city and treatm ent w as continued 
until the middle of October. During th is  2/4-month 
period some of the sec tions were treated  a t le a s t 
three tim es based  on the fly p r e v a l e n c e  as 
determined by the posttreatm ent grill, surveys. Cold 
w eather curtailed fly activ ity  and weekly grill 
surveys were discontinued in both the treated  and 
untreated city a t the end of October 1950.

The weekly grill surveys were resum ed in Harlan 
and Cumberland during the week of May 14, 1951, 
and chem ical treatm ent w as begun in Harlan dur
ing the week of June 4 (see tab le  1). Treatm ent 
w as extended to a ll sec tio n s of the city by the 
end of the month. The grill surveys and chemical 
treatm ent were performed in the sam e manner a s  
during the previous season .

A 2%-percent oil em ulsion solution of chlordan 
w as used in the chem ical treatm ent. T h is chemical 
w as se lec ted  since  it  w as desirab le  to conduct 
control from a residua l spray standpoint and also  
to  use  the chem ical a s  a larvicide. The chemical 
treatm ent w as applied to garbage s ta tio n s , garbage 
c an s , and areas ad jacent to garbage cans where 
f lie s  were likely to congregate. Animal she lte rs  
a lso  were treated . In the lower economic housing 
a re a s , back porches were sprayed along with gar
bage s ta tio n s . O utside and underneath insanitary 
priv ies were a lso  sprayed. Due to the insanitary 
conditions ex isting  in some a rea s , it w as nec
essa ry  to spray both sca tte red  garbage and human 
fec e s . T h is  w as esp ec ia lly  true along the river 
banks where the houses were e levated . A summary 
of re sid u a l spray operations is  given in tab le  2.

In November 1950, ac tiv itie s  of the area  super
visor were concentrated on making environmental 
san itary  surveys in Harlan. T hese surveys were 
completed in March of 1951. As a re su lt of the 
su rveys, a much clearer picture of san ita tion  con
d itions in Harlan was obtained. Many insanitary  
conditions were uncovered that the health  depart
ment or the city council had not known were ex ist-

♦ P u b . H e a l th  R e p .  6 2 : 6 8 1 -6 8 6  (1 9 4  7). 
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1

GRILL AVERAGES BY WEEKS

Table 1

Date
1950 Week No.

Harlan (T reated C ity)  
G r ill  Average

Cumberland (U ntreated C ity) 
G r i l l  Average

August 6-12 32 6 .9  (P re-sp ray 7 .7
August 13-19 33 4. 2 In sp ec tio n ) 8 .7
August 21-25 34 4. 1 7.9
August 28 to  Sept 1 35 1.5 6. 1
September 4-9 36 2.2 No in sp e c tio n
September 11-16 37 No in sp e c tio n No in sp e c tio n
September 18-22 38 1.9 7.0
September 25-30 39 1.1 4 .4
O ctober 2-6 40 1.4 7 .2
O ctober 9-13 41 1.0 4.6
O ctober 16-20 42 1. 5 5 .9
O ctober 23-27 43 1.0 5.4

1951
May 14-19 . 20 0 .6 0 .9
May 21-26 21 2.0 1.5
May 28 to  June 2 22 1.4 2.0
June 4-9 23 2. 1 3. 2
June 11-15 24 2.0 3 .3
June 18-22 25 1.6 2.0
June 25-30 26 1.2 5. 3

ent. A report of the findings w as presented to the 
mayor of Harlan and to the Harlan County Health 
O fficer. Table 3 gives a summary of the sanitary  
survey in the Harlan area .

Follow ing the environm ental san ita tion  survey, 
a survey of garbage and refuse  sto rage , collection,

T able 2

SUMMARY OF RESIDUAL SPRAY OPERATIONS

Number o f  Prem ises Treatm ents 4, 258
Number o f  G allons %. p e rc e n t Chlordan used 2,282
Man-hours: CDC (S uperv is ion  and In spec tion ) 554*

Local 875

T ota l Man-hours Expended 1, 429

Cost o f  Chlordan p e rc e n t so lu tio n )  $411.83
Maintenance o f  V ehicles, Gas, O il, and

M iscellaneous Expenses (lo ca l) 51.80
Man-hours, Local, p e r  Prem ises Treatment 0 .21
Man-hours, Local, p e r  G allon -

24 p e rc en t Chlordan 0. 3&
G allons o f  %. p e rc e n t Chlordan

p e r Prem ises Treatm ent 0 .54

* O n e  C D C  F l y  C o n t r o l  A id  w a s  e m p lo y e d  in  M ay 1951  to  a s s i s t  
w i th  g r i l l  i n s p e c t i o n s  a n d  o th e r  a c t i v i t i e s .
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and d isposa l w as made. The city m aintains a reg
ular system  of garbage and refuse co llec tions, 
co llection  being made on the fee system . The fee 
for re s id en ces w as increased  from $1.50 to $2.00 
per month in the early part of 1951, about 60 per
cen t of the residen ts subscrib ing  for th is  serv ice.

Table 3

SUMMARY OF SANITARY SURVEY 
HARLAN AREA

Type o f  F a c i l i t i e s In  C ity
O utside

C ity Total

Number o f  Dwellings 1. 109 471 1, 580
Number o f  R estau ran ts 29 3 32
Number o f  Grocery S to re s 33 16 49
Number o f  D wellings w ith no

T o ile t  F a c i l i t i e s 15 ? ?
Number o f  Dwellings with

P r iv a te  Sewers 19 ? ?
Number o f  D wellings w ith

P r iv ie s 80 365 445
Number o f  Homes w ith no

Garbage C ontainer 446 305 751
Number o f  Hog Pens 9 47 56
Number o f  O ther Animal Pens 82 116 198

CDC Museum
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Garbage and refuse co llected  from the city is d is 
posed of a t the m unicipally owned and operated 
incinerator, and a t an open dump within the city 
lim its. The dump is  used m ostly by people who do 
not subscribe to the m unicipal co llection  system . 
The dumping area supposedly is the landfill opera
ted  in connection with the incinerator. Prom iscuous 
dumping is  practiced by some of the inhabitan ts 
throughout the city . The city operates two trucks 
in the city c o l l e c t i o n s ;  one is  a 2-ton truck 
equipped with a K-9-X Dempster-Dumpster* unit,

♦ T h e  t r a d e  n a m e  i s  c a r r i e d  a s  a  m e a n s  o f  id e n t i f y i n g  th e  p r o d 
u c t  u n d e r  d i s c u s s i o n ,  a n d  d o e s  n o t  r e p r e s e n t  e n d o r s e m e n t  
o f  th e  p r o d u c t  b y  th e  P u b l i c  H e a l th  S e r v ic e .

and one is  a 154-ton open dump truck. C ollections 
are made daily  in the commercial d is tr ic t, and 
tw ice weekly in the re sid en tia l area. A report of 
the garbage and refuse survey was presented to 
the health department and the city council.

Since the reports of the environm ental sanitary  
survey and the garbage and refuse survey were 
presen ted , some s ligh t progress has been made in 
san ita tion  ac tiv itie s  in the c ity , such  as improved 
garbage and refuse sto rage , collection and d is
p osal, and elim ination of a few animal pens and 
insan itary  priv ies. However, much work is  needed 
to  effect environmental san ita tion  in the city. It 
w as estim ated that over 300 garbage cans were 
so ld  by local hardware s to re s  during the san itary

T a b le  4

SPECIES OF FLIES TRAPPED IN BUSINESS AND RESIDENTIAL SECTIONS 
OF HARLAN, KY„, FBOM AUGUST 14 TO OCTOBER 24 , 1950

S p e c ie s
Number o f  

S p ecim en s* P e r c e n t
C a l l ip h o r id a e

C a i l i p h o r a  v i c i n a 48 2. 3
C a l l i t r o g a  m a c e l l a r i a 44 2. 1
L u c i l i a  i I l u s t r i s 12 0 . 6
P h o e n i c i a  c a e r u l e i v i r i d i  s 92 4. 4
P h o e n i c i a  p a l l e s c e n s 132 6. 3
P h o e n i c i a  s e r i c a t a 203 9 . 7
P h o r m i a  r e g i n a 422 20. 2
Minor s p e c i e s  (1 ) 1

T o ta l 9 5 4 45. 6

M uscidae

Musca d o m e s t i c a 175 8. 4
M u s c i n a  s t a b u l a n s 102 4. 9
O p h yr a  l e u c o s t o m a 219 10. 5
F a n n i a  c a n i c u l a r i s 88 4. 2
Minor s p e c i e s  (1 3 ) 145 6 . 9

T o ta l 729 3 4 .9

S a r c o p h a g id a e

S a r c o p h a g a  h a e m o r r h o i d a l i s 158 7 .6
S a r c o p h a g a  p u s i o l a 63 3.0
S a r c o p h a g a  r a p a x 25 1. 2
S a r c o p h a g a  v e n t r i c o s a 49 2. 3
Minor s p e c i e s  (1 6 ) 64 3. 1

T o ta l 359 17. 2
Minor f a m i l i e s  ( 10 ) 68 2. 3

Grand T o ta l 2, 090 100. 0

I

• T o t a l  n u m b e r  o f  c o l l e c t i o n s  -  32
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V
survey. During the month of April a spring clean-up 
campaign, sponsored by a civic group, w as con
ducted in Harlan. Approximately 200 track loads of 
refuse were r e m o v e d  from the city during the 
campaign.

In addition to the personal con tac ts , radio and 
new spaper publicity w as employed to keep the 
public informed concerning the program and the 
necessity  of practic ing  general san ita tion  as a 
m eans of fly control. Tw enty-six newspaper arti
c le s  appeared in the local paper, 90 radio ta lk s  
and spot announcements were made, and 16 ta lk s  
were given to schools and civic groups. Two films

were used, “ F ly  Control Through B asic Sanita
tio n ”  and “ Insects as C arriers of D ise a se .”

In connection with the entom ological ac tiv ities , 
fly-trap co llections were made in Harlan and Cum
berland. The traps were operated for periods of 
24 hours, using a bait composed of m eat or fish , 
and decaying vegetab les and fruit. The flie s  col
lected  in the traps were k illed , stored  in contain
e rs , and i d e n t i f i e d  during the w inter months. 
T able 4 l is ts  the sp ec ies  of flie s  recovered from 
fly traps operated from A ugust 14 to October 24, 
1950, in H arlan. The bait»pan type trap was used 
for trapping.

G o M u r U tte a  G 4 t

P e & t G û e d s u U

A STATEMENT ON T H E  H E A LT H  HAZAR DS OF THERMAL GEN ER A TO RS AS USED  
F O R  T H E  CONTROL O F  FLY IN G INSECTS

The Interdepartm ental Committee on P e s t  Control composed of rep resen ta tives of the 
Departments of A griculture, Interior, and D efense, and the F edera l Security Agency held 
i ts  regular third quarterly meeting on September 21, 1951 a t Washington, D. C. T his Com
mittee agreed upon the following re lease  relative to the use of in sec tic id a l vaporizing 
devices:

“ It is  the considered opinion of the Interdepartm ental Committee on P e s t Con
tro l that there are at p resen t no data  to ind ica te  tha t the use of thermal gener
ato rs d ispensing  only lindane, DDT, or m ixtures of the two, for the contro l of 
flying in se c ts  i s  unsafe when the following re s tr ic tio n s  are enforced:

1« T he in sec tic id e  sh a ll be re leased  a t the ra te  not to exceed  1 gram per 
15,000 cubic feet per 24 hours.

2. Insta lla tion  sh a ll be made only in comm ercial or industria l prem ises, m ess 
h a lls , and sim ilar lo ca tio n s where human exposure w ill be  on a working day 
b a s is  — not continuous.

3« The d ev ice s  should not be used in homes or s leep ing  quarters.
4. D evices sh a ll be so  constructed  that output in ex c e ss  of tha t recommended 

is  im possib le . F u se s  to protect ag a in s t overloading and high tem peratures, and 
a p ilo t light to indicate w hether or not the unit is  operating  should be ‘b u ilt- in ’ 
fea tu res.

5.  U nits should be mounted above head height and 3 feet or more from the
c e il in g .

6 . In s ta lla tio n  s h a ll  b e  su c h  th a t any m a te ria l w hich  m igh t c o n d e n se  on 
n earb y  equ ipm en t, w a lls ,  or c e il in g  can n o t be  d is lo d g ed  and fa ll in to  or o th er
w ise  co n tam in a te  food.

Since DDT and lindane are po isons, it  is  the opinion of the Comm ittee that 
danger w ill a rise  from delibera te  or unintentional v io lation  of th e se  basic  
p rin c ip le s .”
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C o 4 fM fu u tio a J U e  2 b H e c u d e d

E d ited  by ROSCOE L . PU L L EN
L ea  & F eb ig er , P h ila d e lp h ia , P a ., 1950*

T his textbook on communicable d ise a se s  w as 
written by 53 authors and edited by Dr. R oscoe L. 
P u llen , Vice-Dean of the School of Medicine of 
Tulane U niversity of L ouisiana. E ight of the 
authors were Public Health Service officers.

T he communicable d ise a se s  included in the 
book were se lec ted  from the 1945 Report of the 
American Public  Health A ssociation .

The arrangement of the 1,006 pages follows the 
regions and system s of the human body, except for 
the d isea se s  caused  by m acroscopic and “ higher”  
p a ra s ite s . Its  la s t  section deals with d iseases  
of only potential menace to the United S tates. 
Several communicable d isea se s  not introduced 
into th is country in several decades are included, 
possib ly  because they were in the 1945 Committee 
Report of the APHA.

T h is  text has a unique approach to the subject 
m atter. The reader is  assum ed to be faced with 
a patien t a t the bedside in the home, ward, or 
adm ission room. The tex t takes the reader through 
the mental p ro cesses  required to rule out or iden
tify any communicable d isea se  and to determine 
the treatm ent of the patient, both a s  an individual 
and in relation to soc ie ty . R elated  problems of 
allergy, immunity, virulence, and more or le s s  
theoretical considerations are subjected  to the 
p ractical ward and admitting room deliberations. 
C onsequently, the m aterial is  treated in more 
chapters from a predominantly c lin ica l viewpoint 
than from a public health viewpoint.

Epidemiology enters the picture from the very 
f irs t, when the p a tien t’s  history is  taken. The 
editor and some of the authors dem onstrate the 
very healthy in te llec tual a ttitude  tha t many il l
n esse s  may never be diagnosed with certain ty , 
and that no d iagnosis i s  better than a fa llacious 
one. N evertheless, one author supports the diag
n o sis  of poliom yelitis without para ly sis  or virus 
iso la tion .

In sp ite  of the critic ism s that th is text is  sure

♦ F o r  a n o th e r  r e v i e w  o f  t h i s  t e x t  b y  a n  a n o n y m o u s  r e v ie w e r ,  
t h e  r e a d e r  i s  r e fe r r e d  t o  t h e  J o u r n a l  o f  t h e  A m e r ic a n  M e d ic a l  
A s s o c i a t i o n ,  1 4 4 ( 1 4 ) :  1 2 1 7  ( 1 9 5 0 ) .

to invite, much more can be sa id  in i ts  favor than 
against i t ,  for it  is  at le a s t a beginning toward 
filling  the glaring need of a general textbook 
on communicable d iseases  su itab le  for poly
professional reference u se . In subsequent ed itions, 
the editor w ill surely have more time and inclina
tion to critically  review the text, with a view to 
decreasing duplicity of content and ye t assu ring  
the i n c l u s i o n  of as la te  content m aterial a s  
possib le .

B ecause  many authors composed the chapters 
of this textbook, the quality of each chapter varies 
with the capability  and experience of the author. 
For that reason , although many of the chapters 
are excellently  prepared and reasonably up to 
date , an equal or greater number were poorly pre
pared or woefully behind time. For example, the 
la te s t  reference for the encephalitides was an 
artic le  published in 1948 in  the New England 
Journal of M edicine, with l i t t le  public health  
content. The next la te s t reference for th is  chap
ter was 1944. The epidemiology of St. Louis 
encephalitis  was apparently based on the con
clusion of Leake et al., in 1934, on the basis  
of their experience with the original recognition 
of the firs t recognized major outbreak of th is  d is
ea se . In contrast, some of the chapters err on the 
s id e  of overinclusiveness, and contain far more 
complete detail than a practitioner, medical s tu 
dent, nurse, or other health worker would be 
expected to assim ila te . For example, the chapter 
on Rocky Mountain spotted fever is  30 pages long 
and re flec ts  the extensive m edical entomological 
experience of the Pub lic  Health Service research  
group at the Hamilton, Mont., Rocky Mountain 
Laboratory. More critical editing would have 
shortened the tex t without sacrific ing  the in - 
portant content and in ten t of some of the overly 
long chapters.

It is  regrettab le  that the etio log ical agents 
named in the tex t could not have been designated 
according to recent taxonomic law s and custom s.

Some of the single chapters are concerned with 
several closely rela ted  but etio log ically  and clin
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ically  separate  d ise a se s , such as the typhus 
fevers and the m alarias. C onsequently, the stu 
dent, particularly , will frequently be lost in the 
cross-references and comparisons of the d isease s , 
one with the other. To benefit from reading these

m ultid isease chapters, the student should have 
reviewed rather extensively  other text m aterials 
on the d isea se s  separately .

G riff i th  E .  Q uinby , M .D .

PRODUCTION NO: CDC M42, re leased  1951

DATA: Motion picture, 16 mm., sound, black and w hite, 15 m inutes, 557 ft.

PURPOSE
To demonstrate the most p rac tica l methods 

of effective use of chick embryos in virus 
and r ick e tts ia l laboratory procedures.

AUDIENCE
Laboratory technicians and instructors 

in laboratory techniques.

CONTENT
The developing chick embryo se rves a s  an 

excellen t and prac tica l culture medium for 
many of the v iruses, r ic k e tts ia e , and patho
genic bacteria  which require living ce lls  for 
the ir propagation. D irect iso la tion  of the 
in fectious agent by inoculation of embryos 
with properly co llected  and trea ted  m aterials 
from p a tien ts ,, is  fa s t becoming standard 
procedure for the etio logic d iagnosis  of 
sev era l v ira l, r ic k e tts ia l, bac te ria l, and 
mycotic d is e a se s . A lso, the infected embryo has 
been adapted to the preparation of d iagnostic  an ti
gens, to large-scale  production of v acc in es , to 
analysis of factors re la ted  to immunity, and to 
biological assay  of therapeutic agents.

The film dep ic ts the m ateria ls , equipment, pro
cedures, observations, and theory necessary  to 
enable technicians to perfoim and understand the 
following techniques:

(1) incubating and cand ling  (2) drilling  and 
opening sh e lls ; (3) inoculation procedures for the

A n  e a r ly  s t e p  in  c h i c k  e m b r y o  i n o c u l a t i o n  i s  c a n d l in g  to  
d e t e r m in e  l o c a t i o n  o f  v e i n  s t r u c t u r e s  d i r e c t l y  b e n e a t h  s h e l l .

five main a rea s  (chorioallan to is, chorioallantoic 
sa c , amniotic sa c , yolk, and the embryo itself); 
(4) windowing (5) further incubation; and (6) har
vesting  chorioallantois, a llan to ic  flu id , amniotic 
fluid, yolk , and embryo.

COMMENT

The film demonstration w as performed by G. John 
Buddingh, M.D., L ou isiana  S tate University School 
of M edicine.
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tf-cUl 1951 GojfUMMêuxxvbU Hhideade Gentesi

The ninth annual m eeting of field and head
quarters personnel of the Communicable D isease  
C enter w as held in A tlanta during the week of 
October 15, 1951. Some 33 S tates and territo ries 
were r e p r e s e n t e d  among the reg is tran ts , a s  
w ell as eight regional o ffices, four river b a s in s , 
a ll  of the armed s e r v i c e s  except the Navy, 
a number of Public  H ealth Service Washington 
offices (Bureau of S tate S erv ices, N ational In
s titu te s  of H ealth , Office of H ealth Emergency 
P lanning , and others), T ennessee  V alley Author
ity; and there even was one v isito r from as  far 
a s  Japan.

T he aim of the meeting th is  year w as to empha
s iz e  a ll phases of CDC a c tiv itie s , so as to give 
the a ttendants a better rea liza tion  of the broad 
ex ten t of CDC programs and in te re s ts . C onsider
ably more than 300 persons attended the m eeting, 
which consisted  of 3 days of formal p resen ta tions,

followed by more sp ec ia lized  m eetings during the 
la s t  2 days of the week on such su b jec ts  a s  fly 
control, m alaria control, training, veterinary 
public health , and epidemiology.

On the firs t evening of the formal m eeting a 
so c ia l hour, followed by an  excellen t buffet 
supper, w as enjoyed by 275 persons. The formal 
m eetings were held in the auditorium of the Fulton 
County Medical Society, which is  near the CDC 
H eadquarters o ffices.

T hese  m eetings are d irected  primarily toward 
CDC field and headquarters personnel, in many 
c a se s  giving th ese  individuals the only oppor
tunity during the year to meet with their a sso c i
a te s . However, individuals from S ta tes , particu lar
ly those in which CDC is conducting research  or 
operational work, as w ell as  any other individuals 
in terested  in public health  a c tiv itie s , are welcome 
to attend.

rn $ G A m J w a A '

INSECTICIDES

Hobiway, Richard T .: R ecent developm ents in 
the 'chemical control of in se c ts . Medical T echn i
cians B ull. (Supplement to  U. S. Armed Forces 
Medical Journal). 2(3): 93-105 (1951). T his a rtic le  
describes the cap ab ilities  and lim itations of the 
various in sec tic id es , including formulations and 
com binations, and d isc u sse s  methods of d isp e rsa l.

BENZENE HEXACHLORIDE

Council on Pharmacy and Chemistry: Toxic 
effects of techn ica l benzene hexachloride and its  
principal isom ers. J.A.M.A. 147(6): 571-574 (1951). 
T h is  artic le  is  the third in a se rie s  on a sp e c ts  of

pestic id es  of immediate m edical in te re s ts . It 
includes a descrip tion  of the chem ical, its  pharma
cology, and toxicology. Some c lin ica l experiences 
are a lso  described.

ENCEPHALITIS

R eeves, William C.: The encephalitis problem 
in the United S ta tes. Am. J . Pub. Health 41(6): 
678—686 (1951). T h is  paper includes d iscu ssio n s 
of the causative agents of encephalitis , the public 
health  problem in connection with the d ise a se , 
its  geographic d istribution, method of transm ission, 
and control m easures.
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REPORTED CASES OF RABIES IN ANIMALS 
IN THE UNITED STATES
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Chamberlain, R . W., Rubin, Harry, K issling , R . E ., 
and E idson, M. E .: Recovery of virus of E astern  
equine e n c e p h a l o m y e  l i t i s  from a mosquito, 
Culiseta melanura (C o q u ille tt).P ro c . Soc. Exper. 
Biol. & Med. 77(3): 396-397 (1951).

Coleman, R. D.: C alifornia mosquito control stud
ies: Cooperative drainage of irrigation lands. 
Section of the O perations Manual of the C alif. 
Mosq. Cont. A. (August 1951).

H ayes, W. J . ,  J r ., Ferguson , F .  F . ,  and C a s s , 
J . S.: The toxicology of dieldrin and its  bearing 
on field use of the compound. Am. J .  T rop. Med. 
31(4): 519-522 (1951).

Jensen, J . A., and F ay , R . W.: Tagging of adult 
house flies  and flesh  flies  with radioactive phos

phorus. Am. J .  Trop. Med. 31(4): 523-530 (1951).
Johnson, R . J . ,a n d  Buck, R . W.: H ousing programs 

and the health  departm ent. Ohio’s Health 3(8): 
5-10 (1951).

K issling , R. E .,  Rubin, Harry, Cham berlain, R . W., 
and E idson , M. E .: Recovery of virus of E astern  
equine encephalom yelitis from the blood of a 
purple grackle. P roc. Soc. Exper. B io l. & Med. 
77(3): 398-3 99 (1951).

Maier, P . P . ,  and Baker, W. C .: Municipal fly con
trol by environm ental san ita tio n . Mod. San. 3(8): 
20-23 (1951).

Simmons, S. W.: Health h a z a r d s  of economic 
poisons and re la ted  su b stan ces . Am. J . Trop. 
Med. 31(4): 514-518 (1951).
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